S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Infection 85 (2022) 702-769

journal homepage: www.elsevier.com/locate/jinf

Contents lists available at ScienceDirect

Journal of Infection

Letters to the Editor

Highly Pathogenic Avian Influenza outbreaks amongst )

Gheck for

bird populations in Europe - a view from China
Dear Editor,

A recent letter in this journal described an avian influenza virus
of wild bird origin that is well adapted to a mammalian host, pos-
ing a potential threat to animal and human health.! This is rem-
iniscent of the recent warnings about highly pathogenic avian in-
fluenza (HPAI) in Europe. HPAI, caused by highly pathogenic avian
influenza virus (HPAIV), is a zoonotic disease that seriously endan-
gers the poultry industry, human life, and public health. In Octo-
ber 2022, the European centre for Disease Prevention and Con-
trol (ECDC) issued an alert stating that the 2021-2022 HPAI epi-
demic season in Europe was the largest ever. The latest data (as
of September 9, 2022) showed 3573 HPAI cases in wild birds and
2467 outbreaks in poultry, with 48 million birds culled.? The ge-
ographical extent of the outbreak was unprecedented, affecting 37
European countries from the Svalbard islands to southern Portugal
and eastern Portugal to Ukraine.?

HPAI data from Europe (Fig. 1) showed both explosive growth
and significant change in the epidemic strain over the past 3 years
(Table 1). In 2018, the main epidemic strain was H5N6, whereas
in 2019-2020, H5N8 was more prevalent. In 2021, the dominant
strain changed again, and between September 2021 and Septem-
ber 2022, most cases were H5N1 (96.78%, 5311/5489). New strains
of HPAIV constantly emerge through mutation, insertion, or recom-
bination of the HA and NA genes.*

Long-distance migration of birds can spread HPAI. A study of
the H5N8 HPAI outbreaks in Europe and Japan in 2015 showed

HPAI outbreaks in Europe, 2018-2022
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Fig. 1. HPAI outbreaks in Europe, 2018-2022. According to ECDC data on HPAI
outbreaks in the past 5 years. The 2018 data include HPAI outbreaks reported
from November 16, 2017 to November 15, 2018; 2019 data include outbreaks from
November 16, 2018 to November 15, 2019; 2020 data include outbreaks from
November 16, 2019 to December 27, 2020; 2021 data include outbreaks from De-
cember 8, 2020 to December 8, 2021; and 2022 data include outbreaks from De-
cember 9, 2021 to September 9, 2022.
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Table 1

HPAI outbreaks in Europe, 2018-2022. The table shows data for HPAI outbreaks
reported by ECDC in the past 5 years. Domestic birds include poultry and captive
birds. The main strain refers to the most prevalent HPAI strain reported during that
period. (https://www.ecdc.europa.eu/en/publications-data/surveillance report avian
influenza overview).

Number of HPAI infected birds

Time period Domestic ~ Wild  Total Main strain (Number)
2017.11.16-2018.02.15 8 22 30 H5N6 (25)
2018.02.16-2018.05.15 16 55 71 H5N6 (59)
2018.05.16-2018.08.15 3 3 6 H5N6 (3) [ H5N8 (3)
2018.08.16-2018.11.15 15 6 21 H5N8 (14)
2018.11.16-2019.02.15 2 2 4 H5N6 (2) /| H5N8 (2)
2019.02.16-2019.08.15 5 0 5 H5N8 (5)
2019.08.16-2019.11.15 0 0 0 -
2019.11.16-2020.02.15 35 2 37 H5N8 (37)
2020.02.16-2020.05.15 289 1 290 H5N8 (287)
2020.05.16-2020.08.15 7 0 7 H5N8 (7)
2020.08.16-2020.12.07 51 510 561 H5N8 (510)
2020.12.08-2021.02.23 601 421 1022 H5N8 (917)
2021.02.24-2021.05.14 621 1051 1672 H5N8 (1492)
2021.05.15-2021.09.15 71 91 162 H5NS8 (104)
2021.09.16-2021.12.08 344 523 867 H5N1 (811)
2021.12.09-2022.03.15 1263 1489 2652  H5NI1 (2605)
2022.03.16-2022.06.10 772 410 1182 H5N1 (1130)
2022.06.11-2022.09.09 78 710 788 H5N1 (765)

that both originated from a single source population.” Bird mi-
gration also accelerates viral recombination. Although HPAIV is
generally of low pathogenicity in wild birds, cross-species trans-
mission to domestic poultry can be fatal. Dufour et al.5 reported
that an Asian passerine bird had completed an unusual route
from Central Asia through Eurasia, which was related to the im-
proved ecological suitability of southwestern Europe in winter.
When transmission in wild birds increases, the risk of transmis-
sion from wild birds to domestic poultry also increases. The num-
ber of cases caused by wild birds in 2021 was four times higher
than that in 2020 (2086 versus 513), which might be related to in-
creased transmission among wild birds. Since some HPAIVs can in-
fect humans, virus transmission in wild birds poses a public health
threat.

Epidemiological data from the past 2 years show that although
HPAI can occur year around, there is an obvious epidemic sea-
son in Europe, with relatively high levels in February-May and
October-December, which might be climate related. Elsobky et al.”
found that during the cold season, an increase in minimum tem-
perature stimulated viral activity and increased the risk of dis-
ease, especially in the first quarter of the year (January, February,
and March). Temperatures in the Northern Hemisphere were ab-
normally high this year, and as the global temperature warms, the
minimum temperature increases, which may increase the risk of
HPAI epidemics in Europe. Rising temperatures, increasing rainfall,

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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and summer droughts are likely to change the range and speed of
pathogen spread, threatening humans, animals, and environmental
ecosystems.® The HPAI epidemic in Europe might peak a second
time, from October to December; therefore, more attention should
be paid to epidemic prevention and control.

This year, the HPAI outbreaks in Europe were more serious,
with more cases among wild birds. Europe’s HPAI warning has
alerted the rest of the world. As China has both the largest pop-
ulation and a large poultry industry with a high incidence of HPAI,
greater HPAI prevention and control are required. In July 2022, the
China Center for Animal Disease Control and Prevention reported
the first HPAI cases of the year: an outbreak of H5N1 HPAI involv-
ing 273 wild birds. The punctate nature of the outbreak showed
that they can be prevented and controlled.® In recent years, the
rate of HPAI outbreaks in China has decreased significantly, which
is closely related to their epidemic prevention and control mea-
sures. To control HPAIV, compulsory immunization and emergency
culling measures are used, along with dynamic epidemic surveil-
lance and timely vaccine updating. The mandatory HPAI immuniza-
tion in China is regularly revised based on current strains; in the
latest epidemic, a trivalent inactivated recombinant HPAIV vaccine
(H5N6 H5-Re13 + H5N8 H5-Rel4 + H7N9 H7-Re4) was used.'®
Strict biosecurity is another primary feature of HPAI prevention
and control. In view of global warming and more extreme weather,
it is even more important to regularly monitor wild birds carrying
viruses. Based on the concept of “One Health,” zoonotic diseases
like HPAI should be paid attention to not only in Europe but world-
wide.
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Development of monoclonal antibody-based antigens m

detection assays for orthopoxvirus and monkeypox virus &
Dear Editor,

We read with great interest the paper by Yutong Sui et al,
which developed a CRISPR-Cas12a-based detection assay for mon-
keypox virus (MPXV).! Nucleic acid detection and antigen detec-
tion are two important methods for the diagnosis of the infec-
tion of the viruses, the two methods complement each other. The
CRISPR-based assay developed by Sui et al. provides a visual and
fast alternative for the diagnosis of the monkeypox virus, this as-
say usually requires a nucleic acid enrichment process, and in this
study, samples from authentic MPXV were not used for testing.
Rapid antigen detection tests are highly valued in the detection of
potentially infectious patients, as they can provide prompt results
in a cost-effective manner. As a complement, we develop mono-
clonal antibody-based antigens detection assays for the rapid de-
tection of Orthopoxvirus and MPXV.

MPXVis a zoonotic virus that was first discovered in monkeys in
1958 and in humans in 1970,? belongs to the orthopoxvirus, which
also includes smallpox, cowpox, camelpox, and vaccinia viruses.
Since May 2022, human cases of MPXV infection have been re-
ported persistently in non-MPXV-endemic regions of Europe and
North America and MPXV-endemic regions of Central and West
Africa. As the number of human cases of MPXV infection contin-
ues to rise, the World Health Organization (WHO) declared on July
23, 2022, that monkeypox outbreaks in several countries and re-
gions have amounted to a "Public Health Emergency of Interna-
tional Concern” (PHEIC), raising the MPXV epidemic to the same
level as the COVID-19 pandemic. As of November 4, 2022, 109
countries and regions have reported cases of MPXV, bringing the
total number of confirmed cases to 78,229. The infection of MPXV
can have a significant impact on multiple organ systems of the
host, including the skin and mucosal barriers, lymphatic, lung, and
gastrointestinal tract, the skin of an infected person can be severely
exfoliated, and airway inflammation and bronchoppneumonitis re-
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sulting from infection can limit air intake and reduce the willing-
ness and/or ability to ingest food and water.* Of note, severe MPXV
infection can result in death, with a mortality rate of 10.6% the for
clade 1 virus and 3.6% the for clade II virus.> The proportion of
asymptomatic MPXV infection is more than 13%, and the symp-
toms are often "atypical", which is easy to be misdiagnosed as
other diseases, such as venereal diseases and COVID-19, therefore,
the hidden transmission risk of MPXV is great.® Timely diagnosis of
MPXYV infection can prevent the wide spread of this virus and facil-
itate prompt treatment and recovery of infected persons. Although
some monoclonal antibodies (mAbs) against poxviruses have been
reported previously,’~9 there are few studies on the specific di-
agnosis against the antigen of MPXV. In this study, three mouse
mAbs against the A29L of MPXV were developed, using enzyme-
linked immunosorbent assay (ELISA) and lateral flow immunoas-
say (LFIA), orthopoxvirus and MPXV can be sensitively and rapidly
detected by two independent antibody pairs. These antibody-based
A29L detection assays against MPXV only take 10-15 min and no
specific equipment in a clinical laboratory is required.

We synthesized the expression sequence of A29L of clade II
MPXV (Genbank number YP_010377135.1) and expressed and pu-
rified the A29L protein using E. coli prokaryotic expression system.
Several MPXV A29L protein-specific mAbs were generated by im-
munization of 6-8-week-old BAL b/c mice with purified A29L us-
ing the murine hybridoma technique. The binding activity of all
antibodies was preliminarily identified using the supernatant of
hybridoma cells, and three of them were found to reveal good
binding reactivity to A29L antigen, designated 3A1, 8F8 and 2D1,
respectively. The three mAbs were produced in large quantities
(Fig. 1A), and the variable region sequences of the antibodies were
obtained by polymerase chain reaction using specific primers!©
(Fig. 1B). Then, we tested the binding reactivity of the three an-
tibodies against MPXV A29L, camelpox virus A27L, and the corre-
sponding membrane proteins of taterapox virus using the ELISA.
3A1 and 9F8 showed decent binding activity to the three dis-
tinct poxvirus antigens, the minimum reaction limits of 3A1 to
the antigens of monkeypox, camelpox and taterapox were 256.00
pg/mL, 1280.00 pg/ ml and 1280.00 pg/ ml, respectively (Fig. C-E),
the minimum reaction limits of 9F8 to the antigens of monkey-
pox, camelpox and taterapox were 1280.00, 1280.00 and 1280.00
pg/mlL, respectively (Fig. F-H). 2D1 antibody showed good bind-
ing activity only to MPXV A29L, with a minimum reaction limit of
256.00 pg/mL (Fig. I), and weak binding activity against camelpox
and taterapox antigen proteins, with the minimum reaction lim-
its of 4 ug/mL (Fig. ] and K). Next, we performed double anti-
body pairs sandwich-ELISA experiments base on the above three
antibodies and found that one pair was sensitive for the detection
of the antigens from all orpoxviruses, and the other pair specifi-
cally detected MPXV antigen only. Using 9F8 as capture antibody
and 3A1 as detection antibody can detect all three orthopoxvirus
antigens in a low concentration, the minimum detection limits for
the antigens of monkeypox, camelpox and taterapox were 128.00,
640.00 and 3200.00 pg/mL, respectively (Fig. L-N). Using 3A1 as
the capture antibody and 2D1 as the detection antibody, we can
detect MPXV A29L in a low concentration, with the minimum de-
tection limit of 128.00 pg/mL (Fig. 0), this antibodies pair failed
to detect antigens from camelpox and taterapox viruses (Fig. P and
Q). Only vaccinia virus (Tiantan strain) has been successfully cul-
tured in our laboratory, and authentic MPXV and related clinical
infection samples have not been obtained. In a further experiment,
we tested the detection activity of the above two antibody pairs
against the authentic vaccinia virus and found that when using the
pair of 9F8-3A1, the vaccinia virus could be detected at the level of
280 PFU (Fig. R), in contrast, when used the pair of 3A1-2D1, vac-
cinia virus could not be detected. This data was consistent with
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Fig. 1. Purifications, CDR sequences, antigen binding activities and double anti-
body sandwich antigen or virus detection activities of three monoclonal antibodies
against A29L protein of MPXV. (A) SDS-PAGE analysis of purified 3A1, 9F8 and 2D1
antibodies which specific to A29L of MPXV. (B) CDR sequences of 3A1, 9F8 and 2D1
antibodies. (C) Reactivity of 3A1 with MPXV A29L protein in ELISA. (D) Reactivity
of 3A1 with camelpox A27L protein in ELISA. (E) Reactivity of 3A1 with taterapox
IMV protein in ELISA. (F) Reactivity of 9F8 with MPXV A29L protein in ELISA. (G)
Reactivity of 9F8 with camelpox A27L protein in ELISA. (H) Reactivity of 9F8 with
taterapox IMV protein in ELISA. (I) Reactivity of 2D1 with MPXV A29L protein in
ELISA. (J) Reactivity of 2D1 with camelpox A27L protein in ELISA. (K) Reactivity of
2D1 with taterapox IMV protein in ELISA. (L) Detection of MPXV A29L protein us-
ing the 9F8-3A1 sandwich ELISA. (M) Detection of camelpox A27L protein using the
9F8-3A1 sandwich ELISA. (N) Detection of taterapox IMV protein using the 9F8-3A1
sandwich ELISA. (O) Detection of MPXV A29L protein using the 3A1-2D1 sandwich
ELISA. (P) Detection of camelpox A27L protein using the 3A1-2D1 sandwich ELISA.
(Q) Detection of taterapox IMV protein using the 3A1-2D1 sandwich ELISA. (R) De-
tection of authentic vaccinia virus using the 9F8-3A1 sandwich ELISA. (S) Detection
of vaccinia virus using the 3A1-2D1 sandwich ELISA. (T) The rapid detection as-
say of a gradient concentration of vaccinia virus, in the format of LFIA, using LFIA
test strip and two highly specific monoclonal antibodies against the A29L protein
(9F8 for coating and 3A1 for conjugating). (U) The rapid detection assay of a gra-
dient concentration of MPXV A29L protein, in the format of a LFIA, using LFIA test
strip and two highly specific monoclonal antibodies against the A29L protein (3A1
for coating and 2D1 for conjugating). NC-Ab, a negative antibody which specific
to SARS-CoV-2 generated by our laboratory. NC-Ag, a negative antigen (a receptor
binding domain protein of SARS-CoV-2). NC-Virus, an influenza virus strain.



Letters to the Editor/Journal of Infection 85 (2022) 702-769 705

the result that pair of 9F8-3A1 could detect all poxvirus antigens,
whereas pair of 3A1-2D1 could only specifically detect MPXV anti-
gen in the ELISA assay (Fig. S). Finally, we used LFIA technology to
develop a rapid detection kit for poxvirus based on 9F8-3A1 an-
tibody pairing, which was still reactive to the vaccinia virus at a
concentration of 250 PFU (Fig. T), and a specific rapid detection kit
for monkeypox virus based on 3A1-2D1 antibody pairing, which is
still reactive to A29L antigen at a concentration of 10 ng/mL (Fig.
U). These two kits can get the detection result within 10-15 min,
without professional equipment. The antibodies developed in this
study can be applied to the rapid detection of orthopoxvirus and
the rapid detection of MPXV specifically. MPXV is still prevalent
worldwide and the epidemic area is still expanding at present, the
findings in this study may provide a powerful tool for the pre-
vention and control of MPXV epidemic. In the further study, we
will try to contact the organizations where authentic MPXV was
isolated and clinical samples from MPXV infection have been ob-
tained, and test the reactivities of our diagnostic kits against these
kinds of samples.
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Global differences in natural transmission rates of ®m
Monkeypox virus e

Dear Editor,

In this journal, Usman Ayub Awan et al. highlighted the epi-
demiology of Monkeypox (MPX) and prompted public awareness
of MPX as a zoonotic disease.! MPX has posed a serious pub-
lic health threat worldwide since it was declared a Public Health
Emergency of International Concern by the World Health Organiza-
tion (WHO) on July 23, 2022. Monkeypox virus (MPXV) is charac-
terized by complex transmission routes and concentrated on high-
risk populations. Its effective reproduction number (Re) is still lo-
cally estimated to be greater than 1 (1.02-1.39) in people over 40
years old, even though the populations are partially vaccinated for
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smallpox, and already have some immunity.> As for the basic re-
production number (Rg), previous estimations did not eliminate
the impact of existing coverage of the smallpox vaccine and cou-
pled with the imperfection of the MPX surveillance system, which
makes the derived Ry likely underestimated.> Due to the varying
distribution of exposed populations and high-risk populations, the
region-wise Ry is still unknown and requires a new round of esti-
mation. Aimed to quantify the transmissibility of MPX for regions
comprehensively and systematically, and provide evidence to ex-
plain the transmission characteristics and regional heterogeneity of
MPX, this study estimates region-wise Ry, time-dependent repro-
duction number (R;), explains the high values of estimations and
emphasis the important means against MPX.

By September 20, 2022, the MPX outbreak has rapidly spread to
100 locations. The current MPX outbreak is most severe in Amer-
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Fig. 1. Epidemic situation and calculation of transmissibility of monkeypox (A: The spatial distribution of monkeypox cases in different countries. B: Outbreak curve of
confirmed monkeypox cases in global from 6 May, 2022, to 20 Sept, 2022. C: Box plots of basic reproduction numbers for global and multiple countries).
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ica and Europe (Fig 1), where high risks are assessed by the WHO.*
Among countries, the United States ranked first in the world with
a total number of cases of 24,042, followed by Brazil (7115), Spain
(7083), France (3898), and the United Kingdom (3591). Currently,
the total number of cases of MPX worldwide has reached 64,208
(Fig 1). We selected 29 countries with a total number of MPX
cases of more than 50 and stable case data to quantify the trans-
missibility of MPX. The uncertainties of Ry due to data noise are
quantified for each country using forward piecewise fitting, i.e. fit-
ting in each time segment starting from the first observation gives
one sample of Ry in the specific region. The global median Ry was
2.44 (interquartile range [IQR]: 2.06-3.06), with Ry values of 3.54
(IQR: 3.04-3.91), 3.46 (IQR: 2.97-4.26), 2.38 (IQR: 1.86-2.57) for
the United States, Brazil, and Spain, respectively. The median Ry
was highest in Peru (4.23 [IQR: 3.19-4.45]), and Greece was the
lowest (3.77x10~* [IQR: 3.56x1074-0.59]) (Fig 1). The global mean
value of median R; is 1.29 (standard deviation [SD]: 0.87), and the
mean value of median R; value of 1.31 (SD: 0.54), 1.33 (SD: 0.50),
1.11 (SD: 0.47) for the United States, Brazil, and Spain, respectively.
The mean value of median R; was highest in Luxembourg (1.81
[SD: 2.51]), and Portugal was the lowest (1.03 [SD: 0.28]). In spe-
cific scenarios of severe outbreaks, the maximal global R; can reach
7.90, 4.23 in the United States, 3.36 and 2.69 in Brazil and Spain
respectively (Fig 2).

The results showed the mean value of median R; value for MPX
of 1.36 (SD: 0.21) and the median Ry value of 1.63 (IQR: 1.34-
1.72) where the Ry values we calculated were higher than the es-
timates listed on the WHO official website.” Several experts have
made it clear that MPX will not be the next Corona Virus Disease
2019 (COVID-19), but why the calculated Ry is close to COVID-19
(2.5 (range: 1.8-3.6)) or even higher than influenza (1.5)?° On one
aspect, the most important transmission route of MPX is through
close physical contact, along with relatively few transmission by
droplets under prolonged face-to-face conditions, however, the res-
piratory diseases COVID-19 and influenza, are mainly transmitted
by droplet transmission route. The physical contact mode of trans-
mission is the main reason for limiting the spread of MPX. On
the other aspect, our model considers and eliminates the effect of
smallpox vaccination, and calculates the idealized transmissibility
of MPX in a group with high-risk behaviors for men who have sex
with men (MSM) without any interventions. The variation of high-
risk social networks in fixed local contact patterns will undoubt-
edly amplify the transmissibility of MPX in the specific commu-
nity; whereas the transmissibility of COVID-19 and influenza are
estimated on an average mixed pattern of population. Other dis-
ease involving similar high-risk physical contact behaviors, like Ac-
quiredimmune Deficiency Syndrome (AIDS), is often taken up for
exploration alongside MPX. The popular question about which has
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the higher reproduction number between MPX and AIDS means
nothing because AIDS patients usually be infectious for their whole
life, not as acute infectious disease as MPX is. The definition of
reproduction number makes it not adequate for comparing the
transmissibility between infectious and chronic diseases. Even if
the transmission of MPX is unlikely to reach the same scale as
COVID-19, the Rg and R; values derived from our study suggest an
effective alert on the spread of MPX in high-risk population com-
munities. The most important step against MPX is to raise public
awareness of MPXV, especially in high-risk populations with high-
risk behaviors, and to improve the case surveillance tracking sys-
tem and vaccination strategies.
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Initial SARS-CoV-2 RNA load in nasopharyngeal specimens )

is not associated with severity and midterm resolution of %=
pneumonia in COVID-19 patients

Dear Editor,

Several studies aimed at evaluating the incidence of and delin-
eating risk factors associated with post-acute COVID-19 syndrome
have been published in Journal of Infection.'> In this context, per-
sistence of dyspnea, cough and chest pain, commonly associated
with alterations in lung function tests and chest imaging have been
reported in a non-negligible fraction of COVID-19 survivors up to 1
year after symptom onset.*> To our best knowledge, limited infor-
mation has been published on the potential impact of SARS-CoV-2
viral load at COVID-19 diagnosis on the time course of clinical and
radiological resolution of SARS-CoV-2 pneumonia.® In the current
retrospective, observational study we further assessed the poten-
tial link between viral load at the upper respiratory tract (URT)
early after symptom onset, prior to hospitalization due to COVID-
19 pneumonia, and recovery of lung function/resolution of lung ab-
normalities at medium term (median of 2 months) following hos-
pital discharge.

A total of 131 adult COVID-19 patients (84 male/47 female; me-
dian age, 61 years; range, 19-85) presenting with pneumonia were
enrolled. Patients were admitted to the Pneumology Service within
two periods: between March 5 and December 4 2020, (n = 97),
and between October 21 2021, and January 20 2022, (n = 34), dur-
ing which COVID-19 in the Valencian Community was due (more
than 97% of cases) to the ancestral Wuhan-Hu-1 (or Wuhan-Hu-
1 G614) in the former and Omicron BA.1 in the latter period. The
sample size was based on a convenience set of all available pa-
tients, without formal power calculations: only patients initially
screened by the RT-PCR described below and who completed clin-
ical, imaging and lung function evaluation by around 2 months
after hospital discharge (median 57 days; IQR, 50-66) were in-
cluded. Patient severity during hospital stay was stratified accord-
ing to the WHO ordinary Outcomes Scale’ as either mild disease
(WHO score 3-4), or severe disease (WHO score 5-7. At follow-up
residual dyspnea was evaluated using modified British Medical Re-
search Council guidelines.® Patients also underwent lung function
tests (spirometry) and chest X-ray (CXR). Unresolved cases were
defined by Forced Vital Capacity (FVC) <80% (without Forced Expi-
ratory Volume in 1 s-FEV1/FVC <70) and/or lung diffusion capac-
ity (DLCO) <80% and/or persistent radiological alterations in the
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Fig. 1. SARS-CoV-2 RNA loads in nasopharyngeal specimens (NP) at diagnosis from
COVID-19 patients who either recovered or not from pneumoniaa. P value for com-
parison of median values is shown.

CXR.? Persistence of residual lesions in the CXR was defined as
any visible opacity on the CXR in the absence of prior history of
pulmonary disease (except for asthma or sleep apnea) or uncon-
trolled cardiac or renal failure. Extent of radiological involvement
after COVID-19 pneumonia was quantified using the adapted Ra-
diographic Assessment of Lung Edema (RALE) score.'” The study
was approved by the INCLIVA Research Ethics Committee (June
2020), and informed consent was waived due to its retrospective
nature. SARS-CoV-2 RNA loads in nasopharyngeal specimens (NP)
were estimated using the TaqPath COVID-19 Combo Kit (Thermo
Fisher Scientific, MS, USA) calibrated to the AMPLIRUN® TOTAL
SARS-CoV-2 RNA Control (Vircell SA, Granada, Spain).!" Across the
Omicron BA.1 period, this variant was identified based on TaqPath
S gene target failure (SGTF) and confirmed by whole-genome se-
quencing (not shown).

Medical records showed underlying pulmonary disease at the
time of hospital admission (chronic obstructive pulmonary disease
or asthma) in 20 patients. Importantly, all patients experiencing
COVID-19 pneumonia presumably due to Omicron BA.1 had been
fully vaccinated against COVID-19 with mRNA vaccines. Out of the
131 patients, 95 (72.5%) presented with mild COVID-19 pneumonia
(WHO scale 4), while the remaining 36 patients had severe disease
(WHO scale 5-7), requiring non-invasive ventilation (n = 4), high

Table 1

flow nasal oxygen cannula (n = 11) or respiratory support by in-
vasive mechanical ventilation (n = 21). Median hospital stay was
10 days (range, 2-62). According to above-defined criteria, 45/131
patients (34.3%) were classified as not recovered by 2 months after
hospital discharge (unresolved cases).

Initial SARS-CoV-2 RNA load in NP was quantified at a median
of 6 days after symptom onset (IQR, 3-8). Median SARS-CoV-2 RNA
loads did not differ significantly across the ancestral variant or
Omicron BA.1-dominant study periods (6.2 log;y copies/ml vs. 7.1
logio copies/ml, at equivalent sample collection times; P = 0.07).
As shown in Fig. 1, patients displayed comparable (P = 0.21) viral
loads in NP whether they recovered from pneumonia or not (me-
dian, 6.51 vs. 5.88 log10 copies/ml). NP specimens from patients
in the two groups had been collected within a comparable time
frame after symptom onset (P = 0.39).

We next conducted a subanalysis assessing the potential im-
pact of SARS-CoV-2 RNA load in NP on resolution according to
time elapsed since symptom onset. The following timeframes
were arbitrarily defined: 0-2 days, 3-5 days, 6-8 days and 9-
10 days. Patients with NP collected 11 or more days after symp-
tom onset (n = 27) were excluded due to the lack of match-
ing across comparison groups (not shown). SARS-CoV-2 RNA load
was comparable across patients within all timeframes regardless or
whether they recovered or not (Table 1). Regression logistic mod-
els (Supplementary Table 1) confirmed the apparent lack of im-
pact of initial SARS-CoV-2 RNA load on this outcome (OR, 1.72;
95% CI, 0.83-3.58; P = 0.14); this observation stood regardless of
the SARS-CoV-2 variant presumably involved in COVID-19 cases
(Wuhan-Hu-1: OR, 1.74; 95% Cl, 0.74-4.09; P = 0.20; Omicron
BA.1: OR, 1.74; 95% Cl, 0.42-7.28; P = 0.44). As expected, pneumo-
nia severity was identified as a factor associated with unresolved
pneumonia.

Our findings are in contrast to those of Lerum and colleagues
who reported a negative association between viral load at base-
line and the diffusion capacity of the lungs for carbon monoxide
(DLco%) by 3 months after hospital discharge, the most frequently
affected pulmonary function test variable in the study group (re-
cruited prior to the availability of COVID-19 vaccines).® Neverthe-
less, no apparent association between viral load and resolution
of computer tomography abnormal findings or other lung func-
tion parameters was observed. Of relevance, the study by Lerum
et al.% and ours differ in several potentially critical factors such as
the timing of URT specimen collection (median 8 vs. 6 days since
symptom onset, respectively), and timing of clinical evaluation of
patients after hospital discharge (median of 3 and 2 months, re-
spectively).

The current study has several limitations that deserve com-
ment, the first being the relatively small sample size (particu-
larly during the Omicron BA.1 wave). Second, specimen collection
may have been performed too late after SARS-CoV-2 infection (me-
dian of 6 days) to capture peak viral loads. Third, no viral cul-
tures were performed to evaluate the content of viable viral par-
ticles in the specimens. Fourth, importantly, no sequential spec-

Impact of SARS-CoV-2 RNA load in nasopharyngeal specimens at diagnosis on recovery from COVID-19 pneumonia 2 months after hospital discharge.

Median (range) SARS-CoV-2 RNA viral load (in log;o copies/ml) according to recovery from

Days from symptom onset to time of pneumonia/no. of patients P
specimen collection Resolved Unresolved value?
0-2 8.1 (2.9-10.6)/14 8.4 (1.7-112)/11 0.80
3-5 71 (3.4-10.3)/25 7.8 (5.5-11.6)/6 0.70
6-8 71 (2.1-9.4)/24 6.7 (4.8-10)/11 0.56
9-10 5.6 (3.8-8.1)/7 5.0 (3.2-8.7)/6 0.60

@ Mann-Whitney U test. Two-sided exact P values are reported. A P value <0.05 was considered statistically significant. The analyses were performed using SPSS version

20.0 (SPSS, Chicago, IL, USA).
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imens were available from participants, which hampered the as-
sessment of SARS-CoV-2 RNA load kinetics in the URT at the indi-
vidual level. Fifth, no computer tomography scans or lung function
tests other than spirometry were systematically performed.

In summary, the data presented herein oppose the notion that

SARS-CoV-2 at URT in patients eventually hospitalized with COVID-

19

pneumonia has a major on the recovery rate, according to clini-

cal, imaging and lung functional spirometry parameters by around
2 months after hospital discharge. In this context, our findings do
not support prescribing new antivirals with potent intrinsic activ-

ity

against SARS-CoV-2 based upon the magnitude of SARS-CoV-

2 RNA load in the URT early after symptom onset. Nevertheless,
given the above-highlighted limitations, further studies are war-
ranted to clarify this issue.
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Fig. 1. (a) Forecasted PIMS-TS admissions based on a model fitted to the Alpha variant wave of COVID-19, alongside observed PIMS-TS admissions. (b) SARS-CoV-2 variant
prevalence using available sequenced strains for England from 1 February 2021 as of 20 June 2022. [5] (c) Mean age of children with by week since December 2020. A
Lowess filter with window size 1/3rd was fitted to identify the general trend in the data. Confidence intervals were produced by applying the filter 1000 times to a random
subset of 50% of the data.
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In April 2020, a rare but serious paediatric Multisystem Inflam-
matory Syndrome (PIMS-TS, also known as MIS-C) was identified,
which was temporally and geographically associated with SARS-
CoV-2. [1] In England, we estimated a PIMS-TS risk of 0-045% (95%
credible interval, 0-035-0.068%) after SARS-CoV-2 infection in <15
year-olds, with a lag of 2-6 weeks. [2] These results were used
to parameterise a model to predict new PIMS-TS cases based on
estimated childhood SARS-CoV-2 infection. [2] SARS-CoV-2 infec-
tion rates were derived using the PHE-Cambridge real-time model,
which uses multiple data sources to estimate national incidence
in addition to laboratory-confirmed cases, which likely signifi-
cantly underestimates true infection rates. [2] PIMS-TS cases during
the first pandemic wave were derived from national surveillance,
[1] and, from November 2020, using a new emergency ICD-10
code (U07.5, Multisystem inflammatory syndrome associated with
COVID-19)in Secondary Uses Services (SUS, NHS Digital, Leeds, UK),
a national administrative database used by National Health Service
hospitals to record all admissions, emergency department atten-
dances and outpatient appointments in England. [2] The outputs
of this model were used to direct healthcare resources and inform
policy during late 2020 and early 2021.

After the alpha wave in England (November 2020 to April
2021), the model’s performance was re-parameterised using data
over a longer time-period. The re-parameterisation estimated a
slightly lower PIMS-TS risk after SARS-CoV-2 infection of 0-038%
(95%Cl, 0-037-0-041%). During the subsequent delta wave, the
model significantly over-predicted the risk of PIMS-TS by 53%, with
450 (436-472) estimated versus 212 observed cases during June-
October 2021 (median risk, 0-026%; 95%CI, 0-025-0-029%). These
results and the modelling methodology are reported elsewhere. [2]

The emergence of the highly transmissible omicron in late 2021,
which was able to evade natural and vaccine-induced immunity
[3], raised concerns about further increases in PIMS-TS cases. Early
reports, however, indicated an even lower risk of PIMS-TS with the
new variant. [4]

Using the same methodology, [2] our model also identified fur-
ther divergence between predicted and observed PIMS-TS with
omicron compared to alpha. Between 15 December 2021, when
omicron became dominant, and 01 August 2022, which encom-
passed infection waves due to omicron subvariants BA.1, BA.2, BA.4
and BA.5, [5] the model predicted 3165 (95%CI, 2855-3459) com-
pared to 570 observed PIMS-TS cases, 82% (95%Cl, 80-84%) lower
(Fig. 1a). Notably, PIMS-TS cases declined rapidly after the BA.1
wave and have remained very low, despite large BA.2 waves from
15 February 2022 and BA.4/BA.5 waves since June 2022 (Fig. 1b).
The model predicted 795 (717-867) compared to 446 observed
cases (56% (51-62%) lower) during BA.1 (15 December 2021 to 14
February 2022), and 2352 (2122-2571) compared to 158 observed
cases (93% (92- 94%) lower) during subsequent waves (15 February
to 01 August 2022).

Using a combination of surveillance data, modelled estimates
between the first pandemic and alpha waves and SUS coding, we
estimated 2105 PIMS-TS cases since the start of the pandemic until
01 August 2022. The model trained on the Alpha wave predicted
6034 (95% Cl, 5841-6234) cases over the same period.

Our findings add to the growing evidence of decreasing PIMS-
TS risk with each SARS-CoV-2 wave. [4-6] Reasons for this decou-
pling include critical mutations in the virus superantigen motifs
speculated to trigger the hyperinflammatory response. [2] Addi-
tionally, if, as is currently speculated, PIMS-TS is associated with
an aberrant immune response to primary SARS-CoV-2 infection,
then high immunity levels through infection and COVID-19 vac-
cination in children may be a significant contributing factor. By
24 July 2022, 10-6% of 5-11 and 58-3% of 12-15 year-olds had
received >1 vaccine dose. [7] COVID-19 vaccination is currently
not recommended for <5 year-olds in England, but this age-group

had very high infection rates during the BA.1 wave. [8] Over
time, PIMS-TS epidemiology could follow the related Kawasaki dis-
ease, with most cases occurring in infants and toddlers, the only
age group likely to remain susceptible to the virus in the fu-
ture. Our analysis shows a declining trend in the age of chil-
dren diagnosed with PIMS-TS since the start of the pandemic,
albeit with large confidence intervals in recent months because
of low case numbers (Fig. 1c). In conclusion, the very low risk
of PIMS-TS despite large rates of SARS-CoV-2 infections due to
the BA.2, BA.4 and BA.5 subvariants in children will be reassur-
ing to parents, clinicians and policy makers. On-going surveillance,
however, is critical, particularly in the event of newly emerging
variants.
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Monkeypox virus productively infects human induced R

pluripotent stem cell-derived astrocytes and neural =~ %= 5
progenitor cells

Dear Editor,

Shortly after the outbreak of monkeypox virus (MPXV) in mul-
tiple countries in Europe and North America, Orviz and colleagues
described confirmed MPX cases in Madrid, Spain, in a recent study
published in this journal.! Aside from typical symptoms such as
fever, lymph node enlargement, asthenia, and skin lesions, patients
developed neurological signs including headaches and myalgia.! In
addition, some groups reported MPX individuals with less typical
neurological manifestations, such as seizures and encephalitis, who
were more severely affected.? Studies in infected animals, such as
rodents, suggested that the virus can also penetrate the brain.>#
However, it is unknown whether MPVX may infect cells in the cen-
tral nervous system (CNS). We take advantage of our established
human induced pluripotent stem cell (hiPSC) platform to address
this knowledge gap.

Here, we investigated the susceptibility of hiPSC-derived neu-
ral progenitor cells (NPCs), neurons, and astrocytes to MPXV. An
A.2 strain virus was isolated from an MPX patient in Thailand,
propagated in Vero cells, and titered in HeLa cells. The deriva-
tion of human neural cells from hiPSCs has been described else-
where.” Briefly, NPCs were derived from commercially available
hiPSCs (ATCC, ACS-1019) using the dual SMAD inhibition proto-
col via embryoid bodies and rosette selection and maintained in
N2B27 media supplemented with basic fibroblast growth factor
(bFGF). Neurons were generated from NPCs by the removal of bFGF
from the NPC culture media. Astrocytes were derived from NPCs
in astrocyte differentiation and maturation media (STEMCELL Tech-
nologies). All derived neural cells expressed specific markers as ex-
pected. (Supplementary Fig. S1).

We initially assessed if MPXV infected hiPSC-derived neural
cells by visual observation of the cultures over time and by im-
munofluorescence assays (IFA). hiPSC-derived NPCs, neurons, and
astrocytes were infected with MPXV at multiplicities of infection
(MOIs) of 0.0001, 0.001, and 0.1 in their corresponding media
(N2B27 with bFGF, N2B27 and AM (Sciencell), respectively). Cell
morphology was observed and imaged every 24 h (Supplementary
Fig. S2). We noticed changes in the morphology of astrocytes 48 h
post-infection (hpi), when they began to cluster (Supplementary
Fig. S2C). At 96 hpi, cells were fixed for IFA as described in Sup-
plementary Fig. S1. We found that MPXV-infected NPCs were less

densely packed as compared to mock-infected NPCs (Fig. 1A, top
and Supplementary Fig. S1A), likely due to an increase in cell de-
tachment as a result of infection. Surprisingly, we found no cyto-
pathic effect (CPE) in infected neurons at any MOI (Fig. 1A, middle
and Supplementary Fig. S1B). In contrast, CPE is most pronounced
in infected astrocytes, as indicated by the abundant formation of
syncytia, larger cells with multiple nuclei (Fig. 1A bottom and B).
As MOI rises, the occurrence of such CPE also increases (Fig. 1A,
bottom and Supplementary Fig. S2C). Unfortunately, due to the
unavailability of antibodies against MPXV proteins, we were un-
able to demonstrate co-labeling of cell type-specific markers and
viral proteins. Instead, we assessed whether productive infection
with MPXV occurs in these hiPSC-derived neural cells. Note that
we have added 45-day-old hiPSC-derived neurons in this replica-
tion study in case the age of neurons might play a role in per-
missiveness to MPXV infection. NPCs, neurons (day 14 and day
45) and astrocytes, as well as Vero cells as positive controls,
were infected with MPXV at an MOI of 1.0 for 1 h before be-
ing washed with PBS and replenished with the appropriate me-
dia. Supernatants were collected at 0, 24, 48, 72 and 96 hpi, the
cells were imaged (Supplementary Fig. $3), and viral DNA was ex-
tracted from free virus for qPCR. Primers and conditions have been
described elsewhere.5 Cycle threshold (Ct) values of MPXV qPCR
in NPCs and astrocytes as well as in Vero cells significantly de-
creased over time compared with the remaining input virus at 0
hpi (Fig. 1C and Supplementary Table S1), suggesting that MPXV
could productively infect NPCs and astrocytes similar to Vero cells.
On the other hand, such a change is not pronounced in 14-day-
old and 45-day-old neurons (Fig. 1C and Supplementary Table
$1), suggesting that they are not permissive to MPXV. This sup-
ports our IFA findings. Intracellular viruses were not examined in
this study, but the increased detection of viral genomic DNA in
cell culture supernatants is a strong indicator of viral replication.
It is also important to note that although the differences in Ct
values between NPCs and astrocytes were relatively small, NPCs
were seeded at a density four times higher than astrocytes, sug-
gesting that among the three types of neural cells in this study,
astrocytes may be the most permissive to or productive for MPXV
infection.

Astrocytes play an important role in CNS homeostasis, such as
maintenance of synapses, regulation of neurotransmitters, release
of neurotrophic factors, and uptake of glutamate. Upon CNS in-
jury or infection, they can become either neuroprotective for CNS
repair or neurotoxic by promoting neuroinflammation.” These dy-
namic states have been reported to be associated with various neu-
rodegenerative diseases such as Alzheimer’s disease® and Parkin-
son’s disease,” as well as infections.!? Given the importance of as-
trocytes, it is logical to suppose that neurons in patients’ brains
would respond differently to MPXV infection than our findings,
which demonstrated no change in the shape or distribution of
hiPSC-derived neurons. They may be damaged not by the infec-
tion directly but by the changed properties of the infected as-
trocytes. More research employing more advanced models, such
as co-culture of neurons and astrocytes or brain organoids more
closely resembling the human brain, might provide more insight
into the effects of MPXV infection on neurons in a more relevant
setting.

In summary, we found that hiPSC-derived NPCs and astrocytes
were susceptible to MPVX infection, causing dramatic changes
in cell distribution and morphology, especially in astrocytes. In-
creased levels of viral DNA were detected in culture supernatants,
suggesting productive replication. To our knowledge, this is the
first study reporting differences in MPXV permissiveness between
hiPSC-derived NPCs and astrocytes versus hiPSC-derived neurons,
shedding light on the association between MPXV and reported
neurological complications on a cellular level and guiding us
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Fig. 1. MPXV infection in hiPSC-derived NPCs, neurons and astrocytes
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(A) Representative images of NPCs (top), neurons (middle) and astrocytes (bottom) in MPXV and mock infections. Cells were seeded onto matrigel-coated 24-well plates at
4 x 10°, 4.5 x 10°, and 10° cells/well, respectively. Cells were then incubated with the virus at MOIs of 0.0001, 0.001 or 0.1. At 96 hpi, cells were fixed with 80% ice-cold
acetone and immunofluorescently stained for cell-type specific markers (Musashil, TuJ1 and GFAP, respectively) according to the protocol described in Supplementary Fig.
S1. Bar, 100 pm. (B) Higher magnification of syncytia (white arrows) observed in MPXV-infected astrocyte culture. Bar, 50 um. (C) PCR cycle threshold value of MPXV qPCR
in NPCs, neurons (day 14 and day 45), and astrocytes as well as Vero cells at each timepoint. Cells were prepared as described above, infected with MPXV at an MOI of 1.0
for 1 h, washed, and fed with fresh culture media. Supernatants were collected at 0, 24, 48, 72, and 96 hpi. Viral DNA extraction was performed using the Viral Genome
Extraction Kit Il (Geneaid), and qPCR using primers specific for MPXV® was conducted. Statistical analyses were performed by two-way ANOVA. Multiple comparisons were
performed within cell type, comparing cycle threshold at 24, 48, 72, and 96 hpi against 0 hpi. a, Vero and NPC values significantly different from 0 hpi, p < 0.0001; astrocyte
values, p = 0.0004. b,Vero, NPC and astrocyte values significantly different from 0 hpi, p < 0.0001.

towards a deeper understanding of MPXV pathogenesis in the
brain.
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Germline variants of IGHV3-53 / V3-66 are determinants m
of antibody responses to the BNT162b2 mRNA COVID-19 B
vaccine

Dear Editor,

While the effectiveness of COVID-19 vaccines has been estab-
lished, there is low acquisition of neutralising antibodies (nAbs) af-

ter vaccination and waning of the antibody titre over time, along
with an increased risk of breakthrough infection.!*? Despite the ac-
cumulation of information on the confounding factors of antibody
titres after vaccination,># little is known about genetic factors.

It has been recognized that heavy chains of the nAbs against
SARS-CoV-2 are frequently encoded by two paralogous im-
munoglobulin heavy variable (IGHV) genes, IGHV3-53 and IGHV3-
66.>:° We postulated that germline variants affecting the function
or expression of these genes may influence antibody acquisition in
recipients of COVID-19 vaccines designed to induce nAbs. To val-
idate this hypothesis, we designed and conducted a two-part ge-
netic analysis (Fig. 1). Samples and information from 2,015 health-
care workers at Chiba University Hospital who were going to re-
ceive the BNT162b2 mRNA COVID-19 vaccine (Pfizer and BioNTech)
from 3 March to 9 April 2021 and had enrolled in our previous
study 4 were obtained in this study. The Chiba University Hospi-
tal Ethics Committee approved the collection of samples and clini-
cal information from the vaccine recipients (No. HS202101-03), and
their genetic analyses (No. HS202105-01) in this study. All partic-
ipants provided written informed consent for providing their clin-
ical information and blood samples and were also given the op-
portunity to opt out of this study. First, single-nucleotide vari-
ants (SNVs) to be evaluated were determined. We narrowed down
candidate SNVs surrounding IGHV3-53 using expression quanti-
tative loci and linkage disequilibrium information and selected
1s11623191 as the most promising candidate. The procedure is de-
tailed in Supplementary Figure 1. For IGHV3-66, we selected the
SNV 156423677 within the gene that has been reported to im-
pact gene usage in IGH chains.” To avoid bias induced by clonal
expansion in memory B cells, we assessed the influence of SNVs
on the usage of IGHV genes in IgD heavy chains that are predomi-
nantly expressed in naive B cells. We genotyped 96 participants for
SNVs, performed next-generation sequencing of IgD heavy chains
expressed by their peripheral blood mononuclear cells, and then
conducted univariate linear regression analyses (see Supplemen-
tary Methods and Supplementary Table 1). As shown in Fig. 2A,
1s6423677-C and rs11623191-T significantly increased the usage of
IGHV3-66 and IGHV3-53, respectively. In the second part, we eval-
uated the effects of these two SNVs on log,-transformed antibody

2,015 health care workers consented to participate in our previous

study* and provided their blood samples.

| 3 withdrew consent.

|

| Information of this study and opportunity to opt-out this study was given to all participants. |

v

!

238 were excluded from the regression analyses between germline variants of

IGHV3-53 | V3-66 genes and post-vaccination antibody titer.
8 cancelled receiving the initial dose.
18 only received the initial dose.
212 received both the initial and booster doses but did not visit
to provide their blood samples after the booster dose.

A

119 had consented to draw additional volume of blood for PBMC
preparation and storage for the future studies.

v

|

1,774 received both initial and booster vaccinations and provided their
blood samples for antibody measurement after the booster vaccination.

1 was excluded due to failure of separating sufficient

number of leukocytes for DNA extraction.

v
1,773 was genotyped for germline variants of /GHV3-53 / V3-66 genes and
was investigated in the univariate linear regression analyses for the impact of
the variants on the post-vaccication antibody titre.

262 were excluded from the multivariate linear regression
P analyses because their information required for the
analyses were not available.

v

96 out of 119 were randomly selected for determination of variants of
IGHV3-53 | V3-66 to be investigated through genotyping of genomic
DNAs and analyses of immunoglobulin heavy chain repertoire using total
RNAs from PBMCs.

1,511 were investigated in the multivariate linear regression analyses using
information of previously reported predictors (i.c. age, gender, drinking

) as expl variables for post ion antibody titer.

1st part
Determination of germline variants of IGHV3-53 / V3-66 genes to be
investigated in this study.

2nd part
Regression analyses between germline variants as well as previously
reported predictors and post-vaccination antibody titre.

Fig. 1. Selection of the subjects in the two parts of the study. *Kageyama T. et al. *.
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Fig. 2. A. Genotypes at single-nucleotide variants (SNVs) within immunoglobulin heavy variable (IGHV) genes and the usage of the genes in IgD heavy chain transcripts.
Relationships between genotypes and gene usage in 96 subjects are shown for rs11623191 and IGHV3-53 (left) and rs6423677 and IGHV3-66 (right). Regression coefficients
B, 95% confidence intervals, and P values in linear regression analyses were 0.010, (0.0093 - 0.011), and <2.0 x 1076 for rs116231191 and 0.0065, (0.0056 - 0.0073), and
<2.0 x 1076 for rs6423677. B. Results of the univariate linear regression analysis for SNV alleles and the log,-transformed antibody titre against the severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2) spike (S) protein after booster vaccination with BNT162b2. For rs6423677 and rs11623191, the number of alleles associated with higher
gene usage (C and T alleles, respectively) was used as the independent variable. The sum of the numbers of rs11623191-T and rs6423677-C alleles (0, 1, 2, 3, or 4) was used
as the independent variable. C. Results of a multivariate linear regression analysis for various predictors of post-vaccination antibody titres against SARS-CoV-2 S protein. The
sum of the number of rs6423677-C and rs11623191-T alleles as well as previously identified predictors of post-vaccination antibody titres (Kageyama T. et al.*) was used as
explanatory variables. Dots and bars represent the standardised regression coefficient 8 and 95% confidence intervals for the variables, respectively.
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titres against the anti-SARS-CoV-2 spike protein, which was cor-
related with the nAb titre ! among 1,773 study participants af-
ter they received initial and booster vaccinations. As shown in
Fig. 2B, rs6423677 had an impact on the antibody titre, and, as ex-
pected, the number of C alleles was a predictor of a higher value
(regression coefficient [B] = 0.080, 95% confidence interval [CI],
0.0085-0.15). This relationship was not observed for rs11623191
(B = 0.0021, 95% CI, -0.071-0.075). Although not significant, the
positive influence of the rs11623191-T allele on the antibody titre
was consistently observed in subjects stratified by their genotypes
at rs6423677 (Supplementary Table 2). Therefore, we evaluated
the combined effects of these two SNVs. When the numbers of
the rs6423677-C and rs11623191-T alleles were summed and used
as independent variables, they appeared to predict a larger titre
increase than rs6423677 alone (B = 0.095, 95% CI, 0.018-0.17;
Fig. 2B).

A multivariate analysis was carried out for 1,511 (981 females
and 530 males) out of 1,773 participants for whom information
on predictive factors identified in our previous study, including
age, sex, and several factors such as medication and drinking be-
haviour, was also available. Again, a significant effect of the two
SNV alleles on the antibody titre was observed (standardised coef-
ficient [B] = 0.056, 95% CI, 0.0088-0.10; Fig. 2C). Interestingly, the
influence of the two SNVs was not uniform among the participant
subpopulations stratified by sex and/or age (Supplementary Figure
2 and Supplementary Table 3). The effect of the genotype of both
IGHV3-53 and V3-66 on the usage of the genes in IGH transcripts
was observed regardless of sex (Supplementary Figure 3). There-
fore, we speculated that the difference in the genetic effect on the
final antibody titre may have occurred after naive B cells developed
and matured.

Recently, it was reported that the plasma from BNT162b2 vac-
cine recipients has less neutralising ability against the Omicron
variant compared to the ancestral strain.® Given the continuing
pandemic and unpredictable breakthrough infections, refinement
of preventive strategies for COVID-19, including the development
of new vaccines against mutant strains and optimisation of vaccine
programmes based on accurate risk prediction, is a public health
issue. IGHV3-53 has been found in potent candidates of broadly
nAb (bnAb) for SARS-CoV-2 which are not affected by mutations in
the receptor binding domain and cover circulating and emerging
variants of SARS-CoV-2.° Thus, when the next-generation COVID-
19 vaccine, which is designed using information on the epitopes
of such bnAbs, becomes available, the significance of genotypes of
IGHV3-53 and its paralogue, IGHV3-66, might even increase.

Limitations regarding generalisability exist, because this was a
single-site study of a single ethnic group. However, the low admix-
ture of Japanese people and low cumulative incidence of COVID-19
(estimated to be as low as 0.36% - less than 0.45 million PCR con-
firmed cases in 125.8 million population) at the time of partici-
pant recruitment in Japan, might have contributed to the statistical
power of detection. Considering the subsequent nationwide spread
and progress of the pandemic vaccination program, future oppor-
tunities to study adult individuals who will be exposed to SARS-
CoV-2 antigens for the first time in their lives will be limited.

This study is the first to reveal the influence of the germline
variants of two IGHV genes on the antibody response against SARS-
CoV-2 after BNT126b2 vaccination. As BNT126b2 is one of the first
modified mRNA vaccines used in the real world, further investiga-
tions must be carried out to determine the genetic factors associ-
ated with the high efficacy of the vaccine or susceptibility to its
side effects.
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Persistence of monkeypox virus DNA in clinical specimens | &

uuuuuuu

Dear Editor,

Recently, Orviz et al. [1] reported the monkeypox outbreak in
Madrid of Spain which indicated accurate clinical and virologi-
cal aspects of the disease outside endemic areas are needed, par-
ticularly for early diagnosis in clinic. In early May 2022, the re-
emerging outbreak of a resting zoonotic virus, monkeypox virus
(MPXV) (the genus Orthopoxvirus, the family Poxviridae) which was
originally reported in humans in central Africa in 1970, attracts
great concerns of global public authorities. As of August 29, 2022,
MPXV has expanded to 99 countries, and over 48,000 confirmed
cases recorded according to the latest CDC data. Clinically, monkey-
pox (MPX) cases are manifested mainly with skin/mucosal lesions
at variable sites including genital, oropharyngeal or perianal areas.
Men who have sex with men (MSM) are the mostly affected pop-

ulation. The confirmation of MPXV infection relies on detection of
virus DNA in various body fluids. Recent studies reported the shed-
ding of MPXV DNA in various samples [2,3]. However, the informa-
tion of how frequently the MPXV DNA can be detected in variable
clinical samples and how long it remains detectable are still very
limited. To understand the dynamics of the early stages of MPXV
infection is essential for clinical diagnostic testing and prevention
interventions, in that, available observations evidence is only based
on case reports.

In this study, we collected the laboratory detection data of MPX
cases from the archived reports which included clear and consis-
tent methods, and predict the duration of detecting MPXV DNA
in various body fluids through mathematics model analysis. A to-
tal of 62 archived MPX cases (49 males, 13 females; median age
31y, range 0.4-50y) from 22 observation studies were included,
of which 51 were non-HIV infected MPX cases (38 males, 13 fe-
males; median age 32y, range 0.4-49y), and remained 11 were
HIV-infected MPX cases (11 males; median age 33y, range 26-
50y) (Appendix Table 1). The main clinical manifestations of 62
MPX cases were rash (n=44, 70.97%), fever (n=28, 45.16%), lym-
phadenopathy (n=22, 35.48%), myalgia (n=11, 17.74%), headache
(n=9, 14.52%), fatigue (n=4, 6.45%) and chills (n=4, 6.45%). Among
the non-HIV infected MPX cases, skin rash were the most frequent
clinical symptoms (n=34, 66.67%) (6-17 days, median 13d) fol-
lowed by fever (n=23, 45.10%) (2-5d, median 3d), lymphadenopa-
thy (n=19, 37.25%), myalgia (n=9, 17.65%), headache (n=9, 17.65%),
chills (n=4, 7.84%) and fatigue (n=3, 5.88%). However, within the
11 HIV-infected MPX cases, the proportion of MPX with the symp-
toms of skin rash reach to 90.91%, no case with headache or chills
(Appendix Table 1, Appendix Table 2).

We collected the molecular detection data of MPXV by PCR in
62 MPX cases. The parametric Weibull regression models (AFT)
was employed to estimate the time until the loss of MPXV DNA
detection in each body fluid and reported findings in medians and
95th percentiles using R software version 3.6.1 with flexsurv, sur-
vival, and survminer packages. Additional Lnorm and gamma mod-
els were used as to evaluate the sensitivity and stability of Weibull
regression models. The time until loss of MPXV DNA detection in
variable clinical samples was defined as the number of days af-
ter the first negative PCR result after the onset of symptoms. For
the cases with intermittent results of MPXV detection, we used the
date of the first negative result after the final recorded positive PCR
results.

A total of 269 specimens of 62 MPX cases were included in
this modeling analysis, including 23 urine samples (8.55%), 19 rash
or skin lesions samples (7.06%), 17 nasopharyngeal swabs samples
(6.32%),17 rectal swabs samples (6.32%), 16 semen samples (5.95%),
15 blood samples (5.58%), 14 fecal samples (5.20%) and 14 saliva
samples (5.20%). The results of Weibull models showed that the
median time of MPXV DNA persistence ranged from 5.7d to 13.5d
in the nasopharynx swabs (8.6d, 95% CI 6.94-10.4d), feces (9.4d,
95% CI 7.15-12.4d), semen (11.4d, 95% CI 8.58-14.9d), urine (13.5d,
95% CI 10.3-17.5d), rash or skin lesions (5.7d, 95% CI 3.86-8.1d),
saliva (8.9d, 95% CI 7.14-11.2d), blood (10.6d, 95% CI 6.37-16.9d),
and rectal swabs (8.3d, 95% CI 6.58-10.7d) samples, while 11.3d
(95% CI 9.88-13.1d) when using all samples data (Fig. 1, Appendix
Figure 1). The additional comparisons of sensitivity and stability
among Weibull, Lnorm, and gamma models showed no differences
among them (p<0.05) (Appendix Table 3; Appendix Figure 2, 3).

Pettke et al. reported positive PCR results in semen samples
from cases who recovered from MPXV infection for 54 d at maxi-
mum [3]. Norz et al. found the prolonged presence of MPXV DNA
in rash or skin lesions and blood samples [4]. In this study, we
estimated the time for MPX cases to clear MPXV DNA in the acute
phase of infection through an AFT-based modeling study. We found
that the median time for semen samples from cases was 11.4d (95%
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Fig. 1. Time until clearance of monkeypox DNA in nasopharyngeal swabs(A), feces(B), semen(C), urine(D), rash or skin lesions(E), saliva(F), blood(G),and rectal swabs(H)
samples among MPX patients, as estimated with the use of Weibull regression. The medians and 95th percentiles of the time until the loss of detection are indicated; bars

and shading indicate 95% Cls.

Cl 8.58-14.9d) and the 95th percentile was 24.7d (95% CI 17.8-
35.5d). Therefore, detection of MPXV DNA for cases in semen sam-
ples at the 54th day after illness onset should be rare, beyond the
95th percentile limit. Similarly, the detection of MPXV DNA in rash
or skin lesions or blood samples from Norz et al. were also close
to the 95th percentile limit as we estimated (14.7d, 95% CI 12.0-
18.2d; 41.5d, 95% CI 23.2-84.0d).

The fitted median time in urine (13.5d) was the longest, fol-
lowed by semen (11.4d) and blood (10.6d) (Appendix Table 3). We
found that there was no difference in the median time fitted by
the three models (Appendix Table 3). In addition, the estimated
time until the loss of DNA detection in various clinical samples was
consistent with previous findings in case reports [5-7].

Our study hhave limitations. First, the infectivity of the speci-
mens was not estimated. We focused on estimating the duration
of MPXV DNA in various body fluids among MPX cases but did not
imply the existence of infectious virus particles. Second, the date
of first samplings may be deviated from the date of symptoms on-
set. We defined the time until loss of MPXV DNA detection in each
specimen as the number of days between the day after illness on-
set and the day of the first negative PCR result, which means that
the median and 95th percentile we estimated were shorter than
expected because of the uncertainty of incubation time. Third, time
estimated in this study may not be generalizable to all infections
with MPXV, e.g. asymptomatic cases.
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Our results provide a reference for the appropriate time for
MPXV detection in clinic, which should be considered for clinical
diagnostic recommendations, as well as control and prevention of
MPXV onward transmission.
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Efficacy and safety of fluvoxamine for the treatment of "

Checkctor

COVID-19 patients: A systematic review and meta-analysis %=
Dear Editor,

We read with great interest the recent article by Qian et al.
that reported the efficacy of paxlovid for the treatment of COVID-
19 patients.! However, the cost of currently approved oral antivi-
rals, paxlovid and molnupiravir, restricts their access in developing
countries.?> Therefore, it is crucial to find affordable, widely ac-
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Table 1

Characteristics of included studies.

Sr No Author, year Study Design Country Sample  Age Sex Population Intervention Comparator
size
1 Lenze 2020 Phase 2, USA 152 46.0+£13.0 Male: 43 (28.3) Adults with SARS-CoV-2 infection Participants received a dose of Participants received a dose
Double-Blind Female: 109 (71.7) confirmed by polymerase chain 50 mg of fluvoxamine of 50 mg of placebo
RCT reaction assay and who were immediately after inclusion, immediately after
symptomatic within 7 days of the then for 2 days at a dose of inclusion, then for 2 days
first dose of study medication 100 mg twice daily as at a dose of 100 mg twice
tolerated, and then increasing daily as tolerated, and then
to a dose of 100 mg 3 times increasing to a dose of 100
daily as tolerated through day mg 3 times daily as
15 then stopped. tolerated through day 15
then stopped.
2 STOP COVID 2, Phase 3, USA and 547 47 (IQR 40-55) for Male: 208 (38) Patients with age greater than 30 100 mg Fluvoxamine twice a Placebo
unpublished triple-blind RCT  Canada Fluvoxamine group, Female: 339 (62) years who are unvaccinated and day for 15 days
48 (IQR 41-56) for positive PCR result within 6 days of
control symptoms onset and a criterion of
high risk
3 Calusic 2021 Prospective Croatia 102 NA Male: 68 (66.7) Patients over age 18, with positive 100 mg Fluvoxamine three Standard care
cohort study Female: 34 (33.3) SARS-COV2 PCR test and acute times a day for 15 days, then
COVID-19 infection requiring ICU taper off to 50 mg for the next
admission 7 days
4 Seftel 2021 Prospective USA 113 42 (IQR 33-56) Male: 85(75) Patients with positive COVID-19 Fluvoxamine at a 50- to Standard care
cohort study Female: 28 (25) antigen cards test coupled with 100-mg loading dose, then
PCR confirmation who consented 50 mg twice daily for 14 days
to treatment with fluvoxamine
5 Seo 2022 Phase 2 Korea 52 53 (IQR 43.3-60) Male: 31 (60) Patients over 18 with symptoms 50 mg of fluvoxamine on day 1, 50 mg of placebo
Single-blind Female: 21 (40) consistent with COVID-19 with then an increased dose of 100 (ursodeoxycholate) on day
RCT onset less than 7 days after mg twice daily, as tolerated, 1, then an increased dose
randomization and had positive until discharge from the CTC of 100 mg twice daily, as
RT-PCR results within 3 days of (about 10 days). tolerated, until discharge
randomization from the CTC (about 10
days).
6 Bramante 2022  Phase 3, USA 661 46 (IQR 38-53) for Male: 273 (41.3) Patients from age 30 to 85 years; Fluvoxamine 50mg twice daily Placebo or metformin up to
Double-Blind the intervention Female: 388 (58.7)  with a body-mass index (BMI) alone for 15 days or 1500 mg for 15 days alone
RCT group, 43 (IQR associated with overweight or fluvoxamine 50 mg twice daily
37-53) for the obesity; proof of SARS-CoV-2 plus metformin up to 1500 mg
control group infection within the past 3 days; for 15 days
and the onset of symptoms within
7 days before randomization*
7 Reis 2021 Phase 3, Brazil 1497 50 (IQR 18-102) Male: 635 (42.4) Patients over 18 presenting to the Fluvoxamine” 100 mg twice a Placebo 100 mg twice a
Double-Blind Female: 862 (57.5) OPD with symptoms consistent day day
RCT with COVID 19 or a positive
SARS-COV2 antigen test at
screening or 7 days within
symptoms onset
8 Pineda 2022 Prospective Honduras 657 48.1 (mean) Male: 330 (50.2) Patients fifteen years of age or Fluvoxamine 50 mg orally Standard care

cohort study

Female: 327 (49.8)

older, with mild to moderate
COVID-19 with a positive
SARS-CoV-2 antigen or RT-PCR

twice daily for three days and
titrated

up to 100 mg two or three
times a day depending on
patient tolerance and disease
severity to complete a
fourteen-day course

* The six trial groups were assigned to receive the following drugs or combinations of drugs: group 1, metformin plus fluvoxamine; group 2, metformin plus ivermectin; group 3, metformin plus placebo; group 4, placebo

plus fluvoxamine; group 5, placebo plus ivermectin; and group 6, placebo plus placebo.

# 741 patients received fluvoxamine, 756 were allocated to receive placebo while 1826 were allocated to other treatment groups like hydroxycholorquine, liponavir-ritonavir, previous placebo, metformin, ivermectin, doxazosin

or interferon lambda.
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A Fluvoxamine Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Fig. 1. Effect of fluvoxamine on: (A) all-cause mortality and (B) hospitalization in COVID-19 patients.

cessible, and potent treatments for COVID-19. Particularly appeal-
ing is the idea of repurposing currently available medications that
are widely accessible and have known safety characteristics.*

Fluvoxamine, a widely available, inexpensive selective sero-
tonin reuptake inhibitors (SSRIs), has shown potential for treating
COVID-19 as an early outpatient treatment, despite many recom-
mended repurposed medicines failing.” The underlying mechanism
of the effect of fluvoxamine in COVID-19 patients is currently un-
clear, but it is thought to be multifactorial. In addition to func-
tioning as an SSRI, fluvoxamine has a strong affinity for the o-1
receptor (S1R), which is believed to be the mechanism by which it
achieves its anti-inflammatory and immunomodulatory properties.
S1R stimulation is thought to have an immunomodulatory effect by
lowering stress in the endoplasmic reticulum brought on by viral
replication, which in turn lowers the generation of inflammatory
cytokines.® In order to combine the existing data and assess the
efficiency and safety of fluvoxamine as a treatment for COVID-19,
we undertook this updated meta-analysis.

Our pre-registered meta-analysis (PROSPERO CRD42022361850)
was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
PubMed, Embase, the Cochrane Library and ClinicalTrials.gov were
searched from inception to September 2022 using a search strategy
consisting of terms related to “fluvoxamine”, “SSRIs” and “COVID-
19”. The reference lists of the relevant records were also checked.
All randomized controlled trials (RCTs) and comparative obser-
vational studies evaluating fluvoxamine use for the treatment of
COVID-19 patients were included in this review. After screening,
five RCTs,”~'! one quasi-randomized trial'? and two prospective co-
hort studies'>-™ were found to be eligible for our meta-analysis.
Table 1 provides a summary of the features of the included studies.
For quality assessments of the RCTs, we used the revised Cochrane
Risk of Bias tool (RoB2) (Supplementary Fig. 1) while for the non-
randomized studies, we used the New-Castle-Ottawa scale (NOS)
(Supplementary Table 1). Our primary outcome was all-cause mor-
tality and the secondary outcomes were the risk of hospitalization
and COVID-19 progression, and the incidence of adverse events.
The meta-analysis was performed using RevMan 5.4 with risk ratio
(RR), with corresponding 95% confidence interval (CI), as the effect
measure.

Our findings demonstrated that fluvoxamine was associated
with a nonsignificant reduction in the risk of mortality (RR 0.49;
95% Cl: 0.21-1.17; 12=78%; Fig. 1A) and hospitalization (RR 0.46;

95% CI: 0.21-1.02; 12=54%; Fig. 1B) in COVID-19 patients. Fluvox-
amine did not reduce the risk of COVID-19 progression (RR 0.74;
95% CI: 0.21-2.57; 12=44%; Supplementary Fig. 2). The incidence
of adverse events did not differ significantly between the fluvox-
amine and the control groups (RR 0.94; 95% CI: 0.79-1.11; 2=0%;
Supplementary Fig. 3). In one study, one patient receiving fluvox-
amine reported a serious adverse event as compared to six patients
in the control group.! In sensitivity analyses by excluding Bra-
mante et al. in which patients in the control group received met-
formin,"" a drug known to be beneficial for COVID-19, the results
for hospitalization (RR 0.37; 95% CI: 0.14-0.95; 12=58%) became
significant in favor of fluvoxamine but the outcome of COVID-
19 progression (RR: 0.33; 95% CI: 0.03-4.35; 12=57%) remained
non-significant.

To the best of our knowledge, this is the largest meta-analysis
to date to evaluate the potential effectiveness of fluvoxamine as
a COVID-19 treatment. Our findings showed that fluvoxamine use
was associated with a large but statistically non-significant reduc-
tion in mortality and hospitalization rates in patients with COVID-
19 without increasing the incidence of adverse events. Our findings
agree with a previous meta-analysis which showed that fluvox-
amine did not decrease the risk of mortality or hospitalization.!®
However, this meta-analysis was based on only three studies and
therefore, was relatively underpowered. After excluding a trial with
an active comparator, we showed that fluvoxamine did reduce the
risk of hospitalization in contrast with the previous meta-analyses
which did not find any benefits of fluvoxamine use.'>-'6 Moreover,
the TOGETHER trial found that fluvoxamine decreased the risk of
hospitalization in high-risk COVID-19 patients.” This suggests that
fluvoxamine may not be effective for every patient on a routine
basis and that outpatient populations with an elevated risk of co-
morbidities must be identified to maximize the benefits of fluvox-
amine therapy.’

Fluvoxamine may be beneficial for treating COVID-19 because
of its easy accessibility and affordable price. A 10-day regimen of
fluvoxamine costs about $4; hence, in low-income countries, it is a
cost-effective treatment for COVID-19 if compared with other ap-
proved oral antivirals, including paxlovid and molnupiravir.?

Due to the small number of available trials and the inclusion of
observational studies, our study has several limitations, including
low statistical power and a risk of confounding bias. Additionally,
we could not assess long-term outcomes as they were not reported
by the studies.
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In conclusion, treatment with fluvoxamine did not decrease
mortality and hospitalization rates in patients with COVID-19 but
due to the imprecise CIs, a large possible benefit cannot be ruled
out. The sensitivity analysis showing a statistically significant re-
duction in risk of hospitalization further reinforces this point and
is highly encouraging. To strengthen these findings, further large-
scale RCTs, especially for longer-term outcomes, are needed.
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Host-cell recognition of SARS-CoV-2 spike receptor )
binding domain from different variants )

Dear Editor,

Previously in this journal, we predicted that the host cell sur-
face chaperone glucose-regulated protein 78 (Cs-GRP78) could act
for SARS-CoV-2 spike recognition.! Later on, this was supported by
an experimental study by Carlos et al.> Further prediction stud-
ies reported its enhanced role in recognition of some new variants
that emerged in the last two years.>* For Cs-GRP78, the recogni-
tion of the spike receptor binding domain (RBD) is reflected in the
predicted binding affinity of the GRP78 substrate binding domain
B (SBD B) to the C480-C488 region of the spike.
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Fig. 1. The molecular dynamics simulation (MDS) analysis of the GRP78 and ACE2 systems. The root-mean-square deviation (RMSD) (A) in A, the radius of gyration (RoG)
in A (B), surface accessible surface area (SASA) in A% (C), and the number of H-bonds (D), versus time in ns are plotted for the GRP78 (blue) and ACE2 (orange) systems.
The per-residue root-mean-square fluctuations (RMSF) of GRP78 (E) and ACE2 (F) systems are shown (bottom), with the representative cluster members superimposed and
depicted in colored cartoons (top).
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lambda: green, C36: blue, and omicron: brown) versus the simulation time in ns. (B) the per-residue root-mean-square fluctuations (RMSF) of the WT and the mutated
RBDs. The enlarged panel shows the average RMSF for the GRP78 binding region (C480-C488). The average binding affinity (kcal/mol) was predicted using PRODIGY for the
docking of GRP78 (C) and ACE2 (D) against the WT (blue) and the different variants (orange) of SARS-CoV-2 spike RBDs. (E) shows the RMSD and RMSF of GRP78-RBDs (top)
and ACE2-RBDs (bottom) complexes simulated for 100 ns. (F) The RMSF of the RBD C480-C488 region for the GRP78-RBDs (left) and ACE2-RBDs (right) systems. (G) The
calculated average binding energies of the different systems of RBDs bound to GRP78 (green) and ACE2 (blue), with error bars, represent the standard deviation.



726

Letters to the Editor/Journal of Infection 85 (2022) 702-769

F GRP78-RBDs ACE2-RBDs
Omicron —_— Omicron NGNS
C36 —_— C36 IS
Lambda _— Lambda IS —
Delta+ —_— Delta+ [IIEIESS—
Delta —_— Delta IIEEEGNS—
WT —_— WT  S—
r t 1 t t ! r t t t t 1
0 5 10 15 20 25 0 5 10 15 20 25
Average RMSF 480-488 Average RMSF 480-488
G Average binding affinity of the GRP78-RBDs and ACE2-RBDs complexes after 100 ns MDS
delta delta delta+ delta+ lambda lambda omicron omicron

WT WT

-5

-6

<7 -
. l

-9

10

Binding affinity (kcal/mol)

l ACE2

C36 C36
I I l

Fig. 2. Continued

In the current study, we equilibrate the GRP78 and ACE2 sys-
tems for 100 ns then we cluster the trajectories. Fig. 1 shows the
molecular dynamics simulation (MDS) analysis performed using
VMD 1.9.3 software. The two systems are equilibrated after 50 ns
with RMSD values of 5 A and 12 A for GRP78 and ACE2, respec-
tively (Fig. 1A). The two systems are found stable, as reflected by
the RoG, SASA, and H-bonds. The radius of gyration for GRP78 and
ACE2 started from 30 A and 35 A, respectively, but coincided at
31 A at the end of the simulation (Fig. 1B). The SASA and the num-
ber of H-bonds are also stable during the simulation, with values
around 30,000 A2 & 40,000 A2 and 1000 & 1200 for GRP78 & ACE2,
respectively (Fig. 1C and D). The per-residue RMSF for the GRP78
and ACE2 systems are plotted in Fig. 1E and 1F. As reflected from
the RMSF, both systems are stable with regions of high fluctua-
tion (RMSF < 5 A) at the protein terminals, the region (565-590)
in GRP78 and (730-760) in ACE2. These two regions are indicated
in the structures at the upper part of the figure with dashed-red
circles. The region (565-590) is part of the substrate binding do-
main o (SBDa) of GRP78 and was reported in previous studies to
be highly flexible due to its vital role as a lid in covering the SBDS
during the inactivation of the protein (closed conformation). On
the other hand, the highly flexible region from ACE2 is the trans-
membrane domain of the protein, and it is usually stabilized by
binding to B(0)AT1 and the membrane.” The structures on the top
of RMSF show the superposition of the representative conforma-
tions of the proteins that will be used to assess their binding affin-
ity against RBDs.

Binding affinities of the GRP78 and ACE2 to different RBDs

Five representative structures for GRP78 and three for ACE2 are
used to test their binding affinity to the WT and the mutated
spike RBDs. The generated RBDs (WT, alpha, beta or gamma, delta,
delta+, C36, lambda, and omicron) are equilibrated and then clus-
tered (Fig. 2A and 2B). All of the RBDs are equilibrated with RMSD
values between 2 and 6 A. The RBDs are found stable during the
simulation except for the GRP78 binding region (C480-C488). This
region exhibits high fluctuations in the WT, alpha, delta, lambda,
and C36 RBD variants, with RMSF < 4 A. The clusters represen-
tatives of each RBDs are docked using HADDOCK V2.4 against
GRP78 and ACE2 representative clusters.® The active site for dock-

ing between the RBDs and ACE2 are F486, Q474, K417, Y453, Q498,
N501, & T500 and Q24, M82, Q42, Y41, K353, R357, H34, & D30,
respectively. On the other hand, the active site for docking be-
tween the RBDs and GRP78 are C480:C488 and T428, V429, V432,
T434, F451, S452, V457 & 1459, respectively.”-8 In addition, we pre-
dicted the binding affinity using the PRODIGY web server for the
docked complexes.? Fig. 2C and 2D show the average binding affin-
ity (PRODIGY) and the corresponding HADDOCK scores for each
RBD representative cluster conformation. Error bars represent the
standard deviation. As reflected in Fig. 2C, the GRP78 has a moder-
ate binding affinity (—8.64 up to —10.50 kcal/mol) against all RBDs,
with some variants showing enhanced affinity compared to the
WT RBD (beta or gamma and C36). On the other hand, the ACE2
(Fig. 2D) shows almost the same binding affinity against the WT
and variant RBDs (—10.02 up to 11.60 kcal/mol), which are higher
than that for GRP78. This coincides with the fact that ACE2 is the
main recognition element and Cs-GRP78 is an auxiliary recognition
site for SARS-CoV-2.2:10

Finally, for each of the docked results, the docked complex with
a predicted binding affinity closest to the average binding affin-
ity was used to perform another MDS run for 100 ns to study the
stability of the established interactions. Fig. 2E shows the RMSD
and RMSF of the GRP78-RBDs (left) and ACE2-RBDs (right) com-
plexes. As reflected from the RMSD curves, the ACE2-RBDs in all
the complexes are stable (RMSD 5-7 A). On the other hand, the
GRP78-RBDs complexes show RMSD values ranging from 3 up to
10 A, except for delta (orange) and delta+ (cyan) variants that
show higher values (up to 23 A). This is also indicated in the
RMSF curves (markers at the highly fluctuating RBD and SBDg, for
delta+ variant). The average RMSF at the C480-C488 is also plotted
(Fig. 2F) for the different variants where the delta+ variant is not
stable (RMSF < 20 A) at the GRP78-RBD complex compared to the
WT and the other variants. While in ACE2-RBDs complexes, all the
complexes show an average RMSF 489-488 around 4 A.

After clustering the trajectories for the complexes, we calcu-
lated the binding energies using the PRODIGY web server (Fig. 2G).
For GRP78-RBDs complexes (green), the omicron and lambda vari-
ants show enhanced binding affinity compared to WT, while C36
and delta variants show the same affinity as WT. This coincides
with our previous results published earlier in this journal.* On the
other hand, for the ACE2-RBDs complexes (blue), the delta, delta+,
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lambda, and C36 variants show enhanced affinity compared to
WT.

Conclusively, ACE2 and GRP78 can bind to, hence recognize,
SARS-CoV-2 spike from different variants, including alpha, beta,
delta, delta+, lambda, C36, and omicron. Accordingly, targeting
these host-cell receptors would be successful in fighting the pan-
demic.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgement

Shaheen supercomputer of King Abdullah University of Science
and Technology (KAUST) is used to perform the MDS study (under
the project number k1482).

References

1. Ibrahim .M., Abdelmalek D.H., Elshahat M.E., Elfiky A.A.. COVID-19 spike-host
cell receptor GRP78 binding site prediction. ] Infect 2020;80(5):554-62.

2. Carlos AJ., Ha D.P, Yeh D.W., Van Krieken R., Tseng C.C., Zhang P, et al. The
chaperone GRP78 is a host auxiliary factor for SARS-CoV-2 and GRP78 depleting
antibody blocks viral entry and infection. J Biol Chem 2021;296:100759.

3. Ibrahim LM, Elfiky A.A., Elgohary A.M.. Recognition through GRP78 is enhanced
in the UK, South African, and Brazilian variants of SARS-CoV-2; an in silico per-
spective. Biochem Biophys Res Commun 2021;562:89-93.

4, Elfiky A.A., Ibrahim I.M.. Host-cell recognition through Cs-GRP78 is enhanced
in the new Omicron variant of SARS-CoV-2, in silico structural point of view. |
Infect 2022;84(5):722-46.

5. Elfiky A.A., Ibrahim LM., Ismail A.M., Elshemey W.M.. A possible role for GRP78
in cross vaccination against COVID-19. J Infect 2021;82(2):282-327.

6. van Zundert G.C.P., Rodrigues J., Trellet M., Schmitz C., Kastritis P.L., Karaca E.,
et al. The HADDOCK2.2 web server: user-friendly integrative modeling of
biomolecular complexes. ] Mol Biol 2016;428(4):720-5.

. Yang J., Nune M., Zong Y. Zhou L. Liu Q.. Close and allosteric opening
of the polypeptide-binding site in a human Hsp70 chaperone BiP. Structure
2015;23(12):2191-203.

8. Yan R, Zhang Y., Li Y, Xia L., Guo Y., Zhou Q.. Structural basis for the recognition
of SARS-CoV-2 by full-length human ACE2. Science 2020;367(6485):1444-8.

9. Xue L.C,, Rodrigues ].P,, Kastritis P.L., Bonvin A.M., Vangone A.. PRODIGY: a web
server for predicting the binding affinity of protein-protein complexes. Bioinfor-
matics 2016;32(23):3676-8.

10. Elfiky A.A., Ibrahim LM., Elgohary A.M.. SARS-CoV-2 Delta variant is recognized

through GRP78 host-cell surface receptor, in silico perspective. Int J Pept Res
Ther 2022;28(5):146.

~

Abdo A Elfiky, Ibrahim M Ibrahim

Biophysics Department, Faculty of Science, Cairo University, Giza,
Egypt

Mohamed N Ibrahim

Clinical Laboratories Department, College of Applied Medical
Sciences, Jouf University, Sakakah, Saudi Arabia

Wael M Elshemey

Biophysics Department, Faculty of Science, Cairo University, Giza,
Egypt

Department of Physics, Faculty of Science, Islamic University of
Madinah, Madinah 42351, Saudi Arabia

*Corresponding author.
E-mail addresses: dr_abdo@cu.edu.eg, abdo@sci.cu.edu.eg (A.A.
Elfiky)

Accepted 5 October 2022
Available online

https://doi.org/10.1016/j.jinf.2022.10.009

© 2022 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

The relationship between Post COVID symptoms in young
people and their parents Qe

Dear Editor,

We read with interest the recent study on risk factors for long
CovID.! Similar risk factors, including female gender, older age
and higher number of symptoms, have been reported in children
and young people (CYP).? In England, the CLoCk study was estab-
lished to investigate long COVID in a cohort of >30,000 CYP aged
11-17 years with PCR-confirmed SARS-CoV-2 infection and a con-
temporaneous PCR-negative group, matched by age, sex, geography
and time.> Outcomes at 3 months follow-up have been published.
Anecdotal information suggested many CYP with ongoing symp-
toms had other household members with symptoms after COVID-
19. We hypothesised that CYP reporting long COVID were more
likely to have a parent with ongoing symptoms.

We examined this in a subset of CLoCk participants who com-
pleted their six-month questionnaire after a positive or nega-
tive SARS-CoV-2 PCR-test between October 2020 and March 2021
(n = 14,377). We excluded CYP with subsequent SARS-CoV-2 in-
fections (48/6878 PCR-positive at baseline, 317/7499 PCR-negative
at baseline), those who returned the questionnaire after 34 weeks
(n = 1063) and those who did not answer the question of inter-
est (n = 161). The final sample included 12,788 CYP (6334 PCR-
positives, 6454 PCR-negatives).

The questionnaire included demographics, elements of the In-
ternational Severe Acute Respiratory and Emerging Infection Con-
sortium (ISARIC) questionnaire,* 21 symptoms as well as the
Strengths and Difficulties questionnaire (SDQ)® embedded within
it, the EQ-5D-Y scale,”> Short Warwick Edinburgh Mental Health
Wellbeing scale (SWEMBS),® Chalder Fatigue Scale,” and the fol-
lowing questions: “Has COVID-19 affected family members (in your
house): Does anyone have ongoing problems from Covid-19? If so, can
you tell us who?”. We grouped responses as ‘no’, ‘ongoing problems
in parents’, or ‘other’ if ongoing symptoms were reported in other
family members or if the relationship was unclear (e.g., specific
names given). The Delphi consensus research definition of long
COVID adapted to CYP was used: experiencing >1 symptom AND
problems with mobility, self-care, doing usual activities or having
pain/discomfort or feeling very worried/sad, based on the EQ-5D-
Y scale, at the time of questionnaire completion around 6 months
after their PCR-test.® We assessed the association between ongo-
ing symptoms in CYP and their parents having ongoing symptoms
using a logistic regression model that adjusted for age, sex, depri-
vation (index of multiple deprivation [IMD] quintiles) and SARS-
CoV-2 PCR-test status. All analyses were done in Stata v17.

Among test-positive CYP, 19.1% (1207/6334) reported having a
parent with ongoing problems after COVID-19. In this group, the
prevalence of long COVID six months post-test in CYP reporting a
parent with ongoing problems was 33.3% (402/1207) compared to
22.6% (1156/5127) in CYP who did not report parents having ongo-
ing problems after COVID-19 (Table 1).

The same pattern, albeit with lower prevalence, was observed
among SARS-CoV-2 PCR-negative CYP, where 5.5% (354/6454) re-
ported having parents with ongoing COVID-19 related symptoms.
In this group, the prevalence of long COVID six months post-test
in CYP reporting a parent with symptoms was 28.0% (99/354) com-
pared to 17.3% (1052/6100) in CYP not reporting parents having on-
going symptoms (Table 1).

In the logistic regression model including age, sex, deprivation
and SARS-CoV-2 status, CYP reporting parents with ongoing symp-
toms were 1.79-times (95% CI, 1.58-2.02) more likely to have long
COVID at 6 months than CYP who did not report parents hav-
ing ongoing symptoms, independently of age, sex, deprivation and
SARS-CoV-2 PCR-status. Notably, Chalder Fatigue Scale, SWEMBS
and SDQ scores (for total difficulties as well as subscales) were
broadly similar, irrespective of the CYP’s SARS-CoV-2 PCR-status or
parental ongoing symptom status (Table 1).


http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00601-6/sbref0010
mailto:dr_abdo@cu.edu.eg
mailto:abdo@sci.cu.edu.eg
https://doi.org/10.1016/j.jinf.2022.10.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2022.10.005&domain=pdf

728

Table 1

Letters to the Editor/Journal of Infection 85 (2022) 702-769

Number of CYP with LONG-COVID, number of symptoms and scores from the SDQ questionnaire, SWEMBS and Chalder fatigue scale six
months post-test stratified by SARS-CoV-2 status and ongoing COVID-19 problems in parents (number and percentages).

CYP SARS-CoV-2 positive at baseline only

(n = 6334)

CYP SARS-CoV-2 negative since baseline
(n = 6454)

Parents with ongoing COVID-19 problems

Parents with ongoing COVID-19 problems

Yes
1207 (19.1%)
LONG-COVID* in CYP

Yes 402 (33.3%)

No 805 (66.7%)
No of symptoms (CYP)

0 363 (30.1%)

1 221 (18.3%)

2 179 (14.8%)
3 130 (10.8%)
4 95 (7.9%)
5+ 219 (18.1%)

SDQ

SDQ Total Difficulties

Median 1

(25th, 75th) (7,16)

SDQ Emotional symptoms

Median 4

(25th, 75th) (2,6)

SDQ Conduct problems
Median 1

(25th, 75th) (0,2)

SDQ Hyperactivity/inattention

Median (25th, 75th) 4
(2.6)

SDQ peer relationship problem

Median 2

(25th, 75th) (1,3)

SWEMBS

Median 215

(25th, 75th) (18.5,24.1)

Chalder fatigue scale

Median 13

(25th, 75th) (11,15)

No
5127

1156

3,3971 (77.5%)

Yes No
(80.9%) 354 (5.5%) 6100 (94.5%)
(22.6%) 99 (28.0%) 1052 (17.3%)

255 (72.0%) 5048 (82.8%)

2111 (412%) 163 (46.1%) 3505 (57.5%)
1120 (21.9%) 56 (15.8%) 1151 (18.9%)
594 (11.6%) 30 (8.5%) 523 (8.6%)
437 (8.5%) 25 (7.1%) 290 (4.8%)
291 (5.7%) 20 (5.7%) 195 (3.2%)
574 (11.2%) 60 (17.0%) 436 (7.2%)
10 12 1

(615) (218) (6,16)

3 4 3

(15) (2,6) (15)

1 2 1

(02) (13) (0.2)

4 4 4

(2,6) (2,6) (3,6)

2 2 2

(1,3) (1,3) (1,3)

215 20.0 20.7
(18.5,24.1) (18.0,23.2) (18.6,24.1)
12 13 1

(11,18) (1117) (11,15)

* Using data from the questionnaire on symptoms and the EQ-5D-Y scale at the time of the questionnaire (i.e., approximately 6 months after
the PCR-test), LONG-COVID was operationalized as having at least 1 symptom and experiencing some/a lot of problems with respect to mobility,
self-care, doing usual activities or having pain/discomfort or feeling very worried/sad.

In summary, this association between having a parent with on-
going symptoms after COVID-19 and CYP experiencing long COVID
6 months after their SARS-CoV-2 test was present in test-positive
and test-negatives CYP albeit at a lower prevalence among the lat-
ter. Possible explanations for the increased risk of long COVID in
CYP with PCR-confirmed SARS-CoV-2 infection who reported par-
ents with ongoing symptoms include exposure to an increased vi-
ral load when infected and shared genetic vulnerability to post-
COVID syndrome, such as viral persistence. There could also be
shared environmental and genetic factors related to pre-existing
poor physical and mental health among both test positive and test
negative participants, such as those arising from socioeconomic
status, including higher living density which may increase expo-
sure to viral shedding even in those testing negative.” Another ex-
planation relevant to both groups might be an increased focus on
symptoms among families with ongoing symptoms, potentially re-
sulting in increased symptoms or reporting by their children. Ad-
ditionally, this could result in proxy selection bias: parents with
ongoing COVID-19 problems may have encouraged their children
to participate in the study. The lack of substantial differences in
mental health and wellbeing symptoms suggests that the increased
risk of long COVID in CYP of parents with ongoing symptoms is not
associated with the child’s current mental wellbeing.

Strengths and limitations of the study methodology have been
discussed previously.* Using a national dataset with PCR-confirmed
test-positives and matched test-negatives is a strength of this

analysis, highlighting the higher prevalence of symptoms in chil-
dren of parents with ongoing problems independently of the chil-
dren’s own SARS-CoV-2 infection status. We excluded CYP who
were (re)infected between their original PCR-test and question-
naire completion but acknowledge misclassification may still ex-
ist. Although CYP reported their own symptoms, there is a risk
of selection bias as described above. Reporting bias might occur if
children of parents with ongoing problems were hypervigilant re-
garding the same symptoms. Finally, we also have no information
about the symptoms, duration or severity of ongoing problems in
parents.

In conclusion, we have identified an association between having
a parent with ongoing problems after COVID-19 and long COVID at
six months post-test in CYP, irrespective of their SARS-CoV-2 pos-
itivity status. At present, services for post-COVID syndromes are
separate for adults and children. The importance of working with
the family in CYP clinics is highlighted. There may be some bene-
fit for integrated joint services focussing on holistic strategies and
interventions for the whole family unit, as is currently in place for
other infections such as viral hepatitis and HIV.

Ethical approval
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Data availability

Data are sensitive and not publicly available. All requests for
data will be reviewed by the Children & young people with LONG-
COVID (CLoCk) study team, to verify whether the request is subject
to any intellectual property or confidentiality obligations. Requests
for access to the participant-level data from this study can be sub-
mitted via email to clock@ukhsa.gov.uk with detailed proposals for
approval. A signed data access agreement with the CLoCK team is
required before accessing shared data. Code is not made available
as we have not used custom code or algorithms central to our con-
clusions.
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Efficacy of Paxlovid in patients with acute kidney injury m
who developed COVID-19 e

Dear Editor,

The coronavirus disease 2019 (COVID-19) pandemic has affected
public health on a global scale.! Recently, a letter in your jour-
nal analyzes the efficacy of Paxlovid on death and hospitalization
for COVID-19 patients and shows that Paxlovid for COVID-19 is
effective and safe.> Paxlovid, an oral protease inhibitor, is signifi-
cantly effective in high-risk patients with SARS-Cov-2.3 Older pa-
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Table 1

Outcome of patients with stage I AKI and those with stage II and III AKI who had Paxlovid prescription and those who did not.

Patients with stage I AKI

Patients with stage II and III AKI

All patients

All patients

(n = 64) Paxlovid P value (n = 40) Paxlovid P value

Patients who Patients who did Patients who Patients who did

received Paxlovid not receive received Paxlovid not receive

(n = 40) Paxlovid (n = 24) (n=21) Paxlovid (n = 19)
RRT (n, %) 0 0 0 7 (17.5) 1(4.8) 6 (31.6) 0.026
Male sex (n, %) 32 (50) 19 (47.5) 13 (54.2) 0.582 20 (50) 10 (47.6) 10 (52.6) 1.000
Lung infection (n, %) 42 (65.6) 22 (55) 20 (83.3) 0.030 31 (77.5) 16 (76.2) 15 (78.9) 1.000
CVD-related mortality (n, %) 3(4.7) 1(42) 2 (5.0) 0.551 9 (22.5) 3(15.8) 6 (28.6) 0.265
All-cause mortality (n, %) 13 (20.3) 8 (20) 5 (20.8) 1.000 19 (47.5) 10 (47.6) 9 (474) 1.000
Non-invasive ventilation (n, %) 10 (15.9) 8 (20) 2 (8.7) 0.297 13 (32.5) 6 (28.6) 7 (36.8) 0.738
Invasive ventilation (n, %) 3(4.7) 2 (5.0) 1(4.2) 1.000 12 (30) 6 (28.6) 7 (36.8) 0.738
ICU (n, %) 30 (46.9) 19 (47.5) 11 (45.8) 1.000 31 (77.5) 15 (71.4) 16 (84.2) 0.457
ICU (d, x £5) 594 + 9.25 5.74 + 7.87 6.32 + 11.63 0.814 11.08 + 9.84 11.57 + 1012 10.53 £ 9.75 0.742
Length of hospital stay 18.63 + 8.75 16.93 £ 6.78 21.86 + 11.10 0.031 22.28 £ 10.29 20.05 £ 6.53 24.74 + 13.04 0.153
CCI (x £ 5) 6.97 + 2.86 6.74 £+ 2.90 741 £ 2.79 0.376 7.53 £ 2.81 7.00 £ 2.57 8.11 £ 3.02 0.219
CT value upon diagnosis 10.50 9.00 17.5 <0.001 11.00 7.00 17.00 <0.001
(ORF 1ab gene) (7.00-16.00) (6.75-11.25) (11.00-21.00) (6.25-17.00) (6.00-11.00) (14.00-25.00)
Time to viral elimination (days) 25.06 25.06 25.94 0.804 21.74 21.74 2119 0.907

(20.82-32.53) (21.28-31.29)

(19.38-38.99)

(18.49-24.02)

(18.91-24.98)

(18.28-24.03)

CCl=charlson comorbidity index; RRT=renal replacement treatment; CVD=cardiovascular disease; ICU=Intensive Care Unit.
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Fig. 1. Attenuation of viral load in patients with AKI who developed COVID-19 according to Paxlovid treatment. A) Changes in ORFlab CT value in patients with AKI who
received Paxlovid and those who did not. In total, 61 patients received Paxlovid, and an ORFlab gene CT value of >35 based on real-time PCR was considered an indicator of
virus elimination. The viral load of the Paxlovid group was significantly lower than that of the without Paxlovid group on the 4th day. The viral load of patients who received
Paxlovid decreased significantly faster than that of patients who did not receive Paxlovid in the stage I, I and III subgroups, and the significant differences were observed
between the two subgroups on the 6th and 5th days, respectively. B) Correlation between the timing of Paxlovid treatment and the duration of virus elimination in patients
who received Paxlovid and those who did not. To validate the association between the time to Paxlovid initiation after viral positivity and the time of viral elimination,
a correlation analysis was performed. The correlation between the time to Paxlovid initiation and viral elimination is liner in patients with AKI who developed COVID-19
(R? = 0.288, P < 0.001). There was still a liner correlation between viral elimination and the time to Paxlovid initiation in patients with stage I AKI and those with stage Il
and III AKI who developed COVID-19 (R? = 0.256, P=0.001; R? = 0.402, P < 0.002, respectively). C)

Cumulative rate of viral elimination in after Paxlovid treatment in patients with AKI who developed COVID-19. Patients with AKI who received Paxlovid had a short viral
elimination time. Paxlovid had a better efficacy in patients with stage I and III AKI than in those who did not receive Paxlovid.

tients who received Paxlovid had lower hospitalization and mor- Shanghai JiaoTong university, school of medicine. All patients pro-

tality rates. Patients with acute kidney injury (AKI) who developed
COVID-19 are at high risk of worse outcomes than those with-
out AKL* However, evidence on the efficacy of Paxlovid in high-
risk patients such as those with AKI is limited. In part because of
these findings, the current study aimed to evaluate the efficacy of
Paxlovid in improving outcomes in patients with AKI.

We performed a retrospective, observational study on patients
with AKI aged between 18 and 103 years who developed COVID-
19 from April 7, 2022, to June 21,2022, in Shanghai. The study
protocol was approved by the ethics committee of Renji Hospital,

vided a written informed consent. The primary endpoints were vi-
ral elimination, which was defined as negativity for ORFlab and
N genes (a cycle threshold value of >35 based on real-time poly-
merase chain reaction) on 2 consecutive days, according to local
guidelines, and CVD-related and all-cause mortality. The secondary
endpoints were length of hospital and ICU stay, lung infection, and
renal replacement treatment (RRT). Of 3311 patients, 1083 were ex-
cluded due to do not have at least two serum creatinine, 881 due
to age<18 years old, 3 due to mental illness. Total 1344 sample
were enrolled and screen AKI patients. 69 due to hemodialysis and



732 Letters to the Editor/Journal of Infection 85 (2022) 702-769

peritoneal dialysis,1171 due to non-AKI patients. A total of 104 indi-
viduals were enrolled in the final analytic sample (Supplementary
Fig. S1).

The mean age of 104 patients with AKI was 76.14 + 13.47 years
(Supplementary Tables S1-2). In total, 61 (58.65%) patients received
Paxlovid. Compared with patients who did not receive Paxlovid,
those who received Paxlovid had a lower incidence of lung in-
fection (60.6% vs 81.4%, P=0.031), shorter length of hospital stay
(18.15 £ 6.85 vs 22.70 £+ 11.91 days, P=0.015) and viral elimina-
tion time (9.00 [6.00-11.00] vs 17.00 [11.00-22.50] days, P < 0.001),
and less need for RRT(1 [1.6%] vs 6 [14.0%],P=0.019) (Supplemen-
tary Table S3). Compared with the no received Paxlovid group, the
group of received Paxlovid were similar in terms of all-cause and
CVD-related mortality rates, Charlson Comorbidity Index, and base-
line estimated glomerular filtration rate. Univariate and binary lo-
gistic regression analyses were performed to identify the risk fac-
tors of lung infection. Results showed that Paxlovid treatment were
independent predictors of lung infection (Supplementary Table S4).
Multiple linear regression analysis showed that Paxlovid was corre-
lated with the length of hospital stay in AKI patients with COVID-
19(Supplementary Table S5). The patients who receive Paxlovid
can effectively reduce the hospital stay and in cadence of lung
infection.

In total, 64 patients presented with stage I AKI and 40 with
stage II and III AKI. Patients with stage I AKI who received Paxlovid
had a lower lung infection rate than those who did not receive
Paxlovid (22 [55%] vs 20 [83.3%], P=0.030). However, there was
no significant difference in terms of the incidence of lung infec-
tion in patients with stage Il and Il AKI. Patients with stage I
AKI who received Paxlovid had a significantly shorter length of
hospital stay (16.93 + 6.78 vs 21.86 + 11.10 days, P=0.031) than
those who did not receive Paxlovid. Patients with stage II and III
AKI who received Paxlovid had a lower length of hospital stay
than those who did not receive Paxlovid. Nevertheless, the results
did not significantly differ. Patients with stage II and III AKI re-
ceived renal RRT. The Paxlovid group had a lower proportion of
patients requiring RRT than the without Paxlovid group (1 [4.8%]
vs 6 [31.6%], P=0.026). Regardless of AKI stage I or stage Il and
Ill, patients who received Paxlovid had a significantly shorter vi-
ral elimination time than those who did not receive Paxlovid (9.00
[6.75,11.25] vs 17.5 [11.00,21.00] days, P < 0.001; 7.00 [6.25,17.00]
vs 17.00 [14.00,25.00] days, P < 0.001) (Table 1).

Within 10 days after the diagnosis of viral infection, the viral
load, which was measured based on ORF1ab viral gene replication,
decreased significantly in patients with AKI who received Paxlovid.
In addition, the correlation between the time to Paxlovid initia-
tion and viral elimination is linear (R? = 0.288, P < 0.001) (Fig. 1).
The viral load of patients with stage I AKI and those with stage II
and III AKI decreased significantly on day 6th and 5th, respectively,
after treatment. There was still a linear correlation between viral
elimination and time to Paxlovid initiation (R? = 0.256, P=0.001;
R? = 0.402, P < 0.002, respectively) (Fig. 1).

In conclusion, Paxlovid can effectively shorten the length of
hospital stay in patients with AKI who developed COVID-19. Fur-
ther, it can reduce the incidence of lung infection and shorten the
length of hospital stay in patients with early-stage AKI. In patients
with late-stage AKI, Paxlovid can reduce the rate of RRT. Early
treatment may accelerate viral elimination, shorten hospital stay,
and improve outcome in patients with AKIL
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Novel HIV-1 A6/B recombinant forms (CRF133_A6B and )

URF_A6/B) circulating in Krasnoyarsk region, Russia s
Dear Editor,

This journal recently published the studies on characterization
of novel HIV-1 circulation recombinant forms (CRF) identified in
China."2 In this report, we describe the identification of novel HIV-
1 CRF detected in Krasnoyarsk region (KR), Russia. HIV-1 diversity
is growing worldwide due to increased identification of distinct re-
combinant forms. Co-circulation of multiple HIV-1 subtypes/CRFs,
among high-risk population such as PWID promotes the generation
of new recombinant forms. By now, over 120 CRFs have been de-
scribed.? CRFs play a substantial role in the complex and dynamic
HIV-1 epidemic in Russia. Besides the predominant sub-subtype
A6, subtypes B, C, CRFO2_AG, CRF03_AB, CRF63_02A6 and other
uncommon CRFs are constantly identified.*> Earlier studies of our
research team described the detection of numerous unique HIV-1
recombinant forms in Siberia.®-® Thus, during HIV-1 surveillance
study in KR, an URF_A6/B was initially detected in 2017° and has
been sporadically identified since then. The current report provides
the detailed analysis of NFLG sequences of those novel HIV-1 A6 /B
recombinants.

Starting in 2017 our research team performs HIV-1 drug resis-
tance surveillance in KR. The samples were collected from ART-
naive and ART-experienced HIV-1 infected individuals who at-
tended local HIV/AIDS clinics. The study was approved by the Local
Ethical Committee of the State Budgetary Healthcare Institution of
Novosibirsk Region “City Infectious Clinical Hospital #1” (protocol
# 2 of January 27, 2021). Written consent forms were provided by
all the individuals.

As of June 2022, 542 pol gene sequences were obtained. Out of
those sequences, 11 (2%) were preliminary identified as URF_A6/B
or CRFO3_A6B by phylogenetic analysis and automated HIV-1 sub-
typing tools. Subsequently, NFLG sequences for 10 (90.9%) of those
sequences were obtained for more detailed analysis (OP056069-
0P056079). The detailed patient characteristics and information on
drug resistance mutations and coreceptor tropism of those viruses
are presented in Table S1.

Phylogenetic analysis of NFLG sequences has shown that the
study sequences are most closely related to sub-subtype A6 se-
quences (Fig. 1A). An additional sequence with similar genomic
structure to the study A6/B recombinant sequences was identified;
this sequence (MT369971)° was also included in the analysis. All
the A6/B recombinants form a distinct monophyletic clade indicat-
ing origination from a single ancestor. The analysis of NFLG se-
quences revealed that the patient with the earliest date of HIV-1
diagnosis (#64) had dual (sub-subtype A6 and URF_A6B) HIV-1 in-
fection. Preliminary recombination analysis using local jpHMM re-
vealed at least two recombination breakpoints in all ten study se-
quences (Fig. 1B); recombination breakpoints were confirmed by
Simplot (Fig. 2C). The recombination analysis revealed complex
recombination profiles of those sequences. Thus, eight sequences
(#12, #21, #100, #128, #132, #189, #263, #349) had nearly iden-
tical recombination profiles with six breakpoints dividing genome
into seven (I-VII) genomic subregions, one sequence (#131) had
four breakpoints, which divide the genome into five subregions
(I-IV, V+VII+VII), and the other sequence (#64) was divided into
three subregions (I+II+III, IV, V+VI+VII) by two breakpoints.

The further phylogenetic analysis was performed for each po-
tential sub-region to verify recombination events and to identify
phylogenetic relatedness of study sequences (Fig. 1D). Phylogenetic
analyses of subregions I, III, V, and VII confirmed the relatedness to
sub-subtype A6 circulating in FSU countries. Phylogenetic analysis
of fragments II, IV, and VI revealed that those subregions belong
to subtype B. Subregion II of study sequences was most closely re-
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A6/B recombinants

Sub-subtype A6

Fig. 1. Maximum-likelihood phylogenetic tree (IQ-Tree) of near full-length genome
sequences of 12 novel HIV-1 A6/B recombinants from Krasnoyarsk region. Besides
the study sequences, phylogenetic tree also includes the following sequences from
LANL HIV sequence database: subtype reference sequences for sub-subtype A6, sub-
type B, and CRF03_A6B, and full-length or near full-length genome sequences col-
lected in the former Soviet Union (FSU) countries. Sub-subtype A6 sequences are
colored by red, sub-subtype Al - yellow, subtype B - blue, and CRFO3_A6B - green.
Sequences are color-codded according to the legend on the left. Branch support >95
indicates by asterisk.

lated to subtype B sequences from Canada, USA, and Spain; sub-
region IV of study sequences was most closely related to subtype
B sequences from FSU countries; subregion VI of study sequences
showed more relatedness to subtype B sequences from Russia and
Georgia, and CRFO3_AB sequence from Russia.

According to the LANL HIV Sequence Database standardized
nomenclature the eight (#12, #21, #100, #128, #132, #189, #263,
#349) of the study sequences were designated as CRF133_AG6B.
The other two study sequences (#64 and #131) were classified as
URF_AG6/B.

Dated phylogenetic analysis of concatenated sub-subtype A6
and subtype B subregions A6/B recombinant sequences revealed
that the time to the most recent common ancestor (tMRCA) of
sub-subtype A6 of was estimated as 1995 (Fig. 2). The origin date
of CRF133_A6B sub-subtype A6 subregion was identified as 2000.
The tMRCA of subtype B subregion was identified as 2009 (Fig. 2B).
CRF133_A6B subtype B sequences originated from subtype B se-
quence (98GEMZ003; DQ207943) from Georgia that was previously
identified as a parental subtype B strain for CRFO3_AGB.°

Eight of 12 study individuals with the novel HIV-1 A6/B in-
fection were PWID, most of them reported sharing injectable
equipment with other HIV-infected PWID. The remaining four pa-
tients were women who acquired HIV-infection through the sex-
ual contacts, two of them reported sexual contact with HIV-
infected PWID. Results of molecular-epidemiological analysis of
novel A6/B recombinants combining with clinical and behavioral
information of study patients established that the CRF133_A6B
and novel URF_A6/B in KR predominantly circulate among PWID
and their sexual partners but could transmit to the heterosexual
population.

Dated phylogenetic analysis identified that sub-subtype A6 sub-
region of URF_A6B originated in 1995, and the sub-subtype A6
subregion of CRF133_A6B originated in 2000. The tMRCA of sub-
type B subregion of CRF133_A6B was estimated almost a decade
later. This indicates that the CRF133_A6B circulates in KR for over
a decade. Potentially, CRF133_A6B circulates in the region at a rel-
atively low prevalence and may have a lower fitness compared to
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Fig. 2. Recombination analysis of novel HIV-1 A6/B. Genomic structure (A) and Bootscan analysis (B) of CRF133_A6B (top) and other URF_A6/B. Genomic structure and
Bootscan plot of CRF133_A6B is shown for a single virus strain (#12); genomic structure for other seven CRF133_A6B are nearly identical. (A) Recombination analysis was
performed using a local instance of jpHMM. (B) Bootscan analysis using 400 bp window and 50 bp step using list of selected HIV-1 sub-subtype A6 and subtype B sequences
as references. (C) Maximum-likelihood (IQ-Tree) phylogenetic analysis of sub-subtype A6 and subtype B subregions of novel HIV-1 A6/B recombinants. Tree branches are
colored according to the HIV-1 subtypes (sub-subtype A6 sequences colored by red, subtype B - blue); study sequences are indicated by black branches and also color-coded

according to the right bottom legend.

the prevalent sub-subtype A6. In addition to the described HIV-
1 CRFs, there may be other recombinant forms circulating at the
lower prevalence.

The identification of novel HIV-1 CRF133_A6B and other
URF_A6B emphasizes the growing HIV-1 diversity in Russia as well
as a key role of high-risk groups such as PWID and their sexual
partners in the process. The further surveillance study with larger
study cohorts is needed to determine the size of the CRF133_A6B-
infected population and to estimate the potential public health im-
pact of this newly identified virus in the region. The current report
supplements other studies of identification of novel HIV-1 recom-
binant forms. Comprehensive surveillance and improved preven-
tion interventions are crucial to limit the spread of existing and
to prevent emergence of novel HIV-1 recombinant forms.
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CXCL16 associates with adverse outcome and cardiac R

cccccccc

involvement in hospitalized patients with Covid-19 = [%= 5
Dear Editor,

We read with great interest the paper by Kim et al. suggest-
ing KL-6 and IL-6 as predictive markers in severely ill Covid-19
patients.! The gene for CXCR6, the receptor for the chemokine
CXCL16, has been showed to be negatively correlated with disease
severity in Covid-19 disease.? Several studies has demonstrated
that soluble CXCL16 gives prognostic information in cardiovascular
and inflammatory disorders®-® and CXCL16 expression is reported
to be increased in lung macrophages in moderate compared to se-
vere Covid-19.7 But most studies have focused on the expression of
its receptor CXCR6, and the prognostic value of CXCL16 in Covid-19
is not known.

In the present study we examined the prognostic value of cir-
culating CXCL16 levels (examined by enzyme immunoassay) in two
separate cohorts of hospitalized Covid-19 patients in Norway com-
promising the first three waves of the Covid-19 pandemic (March
2020-September 2021). For more details on materials and methods,
see Supplemental file.

In our combined cohort, 110 of 414 patients (27%) were admit-
ted to intensive care unit (ICU), and 125 (31%) patients developed

respiratory failure (RF; i.e., P/F-ratio < 26.6 kPa) the first 10 days
after admission (Table 1). CXCL16 levels were significantly higher
in ICU patients as compared to patients not admitted to ICU, as
evaluated by a linear mixed model adjusting for age, sex, specific
Covid-19 treatment (randomized controlled trial [RCT] in cohort 1,
dexamethasone use in cohort 2), eGFR and CRP (Fig. 1A). CXCL16
levels increased in both groups during hospitalization, but the in-
crease was more pronounced in the ICU group. The same pattern
was seen for patients with RF (Fig. S1). In the combined cohort, 37
of 414 patients died within 60 days of hospital admission (Table 1).
Kaplan-Meier analysis of admission levels showed that patients in
the upper tertile of CXCL16 were at increased risk of death within
60 days (Fig. 1B). Evaluated as a continuous variable, a one SD
increase in CXCL16 was associated with a 2.11 (95% CI 1.60-2.78,
p < 0.001) times higher risk of death. The increased risk of death
was present in patients treated with dexamethasone (HR 1.83,
p = 0.001), but especially in those not treated with dexamethasone
(HR 2.51, p < 0.001). The association of CXCL16 with 60-day total
mortality was still significant (HR 1.50 [1.08-2.10] p = 0.017) af-
ter adjustments for other predictors of unfavorable outcomes such
as age, sex, randomized treatment (cohort 1), dexamethasone use
(cohort 2), eGFR and CRP (Fig. S2). Evaluation of the temporal pro-
file during the first 10 days after inclusion revealed that patients
who died had consistently higher levels of CXCL16 than survivors,
with the largest differences at the end of the observation period
(Fig. 1C).

Due to its known role in cardiovascular pathologies, we ex-
plored the association between CXCL16 and markers of cardiac
function. Mixed models regression with NT-proBNP as dependent
and CXCL16 and time as covariates, revealed a positive correla-
tion (Estimate 0.05, t = 4.9, p < 0.001). We found a similar cor-
relation with TnT as dependent variable (Estimate 0.03, t = 5.6,
p < 0.001). Both markers showed a consistent correlation across
all time-points (Fig. 1D, E). Partial correlation analysis, control-
ling for the P/F ratio, revealed little influence of respiratory func-
tion on the association between CXCL16 and NT-proBNP (admis-
sion r = 0.36, p < 0.001; 3-5 days r = 0.18, p = 0.013; 7-10 days
r = 0.26, p = 0.003) or TnT (admission r = 0.27, p < 0.001; 3-5
days r = 0.21, p = 0.002; 7-10 days r = 0.26, p = 0.003).

To obtain further insight into the regulation of CXCL16 and its
receptor CXCR6 in relation to cardiac involvement during Covid-
19 disease, we evaluated the expression of CXCL16/CXCR6 in car-
diac related cells exposed to SARS-CoV-2 infection in vitro and
in cardiac tissue samples from Covid-19 patients in RNA sequenc-
ing datasets deposited in public repositories (Supplemental Table
S1). Despite some discrepancies, it seems that CXCL16 may be ex-
pressed within the myocardium of Covid-19 patients. In particular,
when extracting CXCL16/CXCR6 RNA expression from a Covid-19
tissue atlas,® using a single cell approach in autopsy cardiac tis-
sue samples from 15 Covid patients and 28 healthy controls, we
found increased expression of CXCL16, but not of CXCR6, in car-
diac fibroblasts and to some degree also in cardiac macrophages,
as compared with controls (Fig. S3).

Recently, Smieszek et al. reported elevated CXCL16 levels in
hospitalized Covid-19 patients as compared to healthy controls,
with the highest levels in those with the most severe disease, ac-
cording to the current WHO classification.” In the present study
we extend these findings by including a larger number of patients
(414 versus 141 patients), from two separate cohorts, recruited dur-
ing the first three waves of Covid-19 that also included dexametha-
sone treatment that was used as SoC since autumn 2020. Our find-
ings suggest that CXCL16 could be a novel and robust marker of
Covid-19 severity including total mortality, and potentially also car-
diac involvement during hospitalization. Interestingly, whereas pa-
tients with and without dexamethasone treatment showed similar
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Table 1
Demographic, clinical, and biochemical characteristics in 414 patients hospitalized for Covid-19, stratified by two large multi-center cohorts in Norway.
Cohort 1 Cohort 2 Combined
Parameter n =162 n = 252 n =414
Age, years 59.7 + 154 57.0 +£ 15.3 58.0 + 154
Male gender, n (%) 103 (64) 159 (63) 262 (63)
Body Mass Index, kg/m? 282 £ 4.6 28.8 £5.2 28.5 + 4.9
Treatment group
Standard of Care (SoC), n (%) 81 (50) 254 (100) 333 (80)
SoC + Hydroxychloroquine, n (%) 43 (27) 0(0) 43 (10)
SoC + Remdesivir, n (%) 38 (24) 0 (0) 38 (9)
Dexametasone 2 (1) 134 (53)* 136 (33)
Oxygen therapy 91 (56) 194 (77)* 285 (69)
Comorbidities
Chronic cardiac disease, n (%) 24 (15) 47 (19) 71 (17)
Hypertension, n (%) 51 (32) 84 (35) 135 (34)
Chronic pulmonary disease, n (%) 31 (20) 67 (27) 98 (24)
Obesity, n (%) 43 (29) 70 (28) 113 (28)
Diabetes, n (%) 27 (17) 58 (25) 85 (22)
Current smoker, n (%) 5 (4) 16 (7) 21 (6)
Outcomes
ICU admission, n (%) 31 (19) 79 (31)* 110 (27)
Respiratory failure, n (%) 50 (31) 75 (30) 125 (31)
60-day death, n (%) 8 (5) 29 (12) 37 (9)
P/F-ratio at admission, kPa 42.4 (32.4,49.6) 40.0 (28.1,48.3) 41.3 (30.0,49.3)
Hemoglobin, g/dL 132 £ 15 129 + 1.8 13.0 £ 1.7
C-reactive protein, mg/L 70 (35,136) 53 (24,117) 62 (29,125)
Ferritin, pg/L 612 (358,1111) 617 (297,1146) 615 (322,1127)
White blood cell count, x 109/L 6.5+ 2.8 6.9 £ 3.2 6.7 £ 3.1
Neutrophils, x 10%/L 48 + 2.7 53 + 3.1 51+ 3.0
Lymphocytes, x 10°9/L 12 + 0,53 11+05 11+05
eGFR 87 + 25 90 + 29 89 + 27
Continuous data are given as mean +SD or median (25th, 75th) percentile.
Abbrevations: SoC; standard of care, ICU; intensive care unit, P/F-ratio; PaO2/FiO2-ratio; eGFR; estimated glomerular filtration rate.
*P < 0.05 between cohorts 1 and 2.
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Fig. 1. Intra-hospital temporal profile of CXCL16 according to (A) ICU admission during the first 10 days after inclusion in the combined cohort and within cohorts. (B)
CXCL16 and 60-day mortality in severe Covid-19. (C) Temporal profile of CXCL16 during the first 10 days after inclusion according to 60-day mortality. (D) Correlation plot
between CXCL16 and NT-proBNP and (E) TnT during the first 10 days after inclusion. Blue circles are at admission, green circles at 3-5 days and red circles at 7-10 days.
The correlation coefficients are Pearson. The p-values reflect the group (outcome) effect from the linear mixed models and the interaction p-value (group*time) is shown in
italic if significant. gray areas reflect reference value range from age- and sex-matched healthy controls. *p < 0.05, **p < 0.01, ***p < 0.001 between groups. BL; baseline,
RF; acute respiratory failure, ICU; intensive care unit; NT-proBNP; N-terminal-pro-B-type natriuretic peptide, Tnt; Troponin.
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CXCL16 levels at inclusion, patients that received dexamethasone
showed increased CXCL16 levels during follow-up, possibly reflect-
ing more severe disease in dexamethasone user, and/or indicating
the need for additional treatment modalities in these patients.

The present study has some limitations such as lack of data
on CXCL16 expression in immune cells and pulmonary tissue. We
also lack cardiac imaging data from the hospitalized Covid-19 pa-
tients and the data on association with cardiac involvement should
be interpreted cautiously. Moreover, correlations do not necessar-
ily mean any causal relationship. Although our study included data
from the three first waves of SARS-CoV-2, we lack data from Covid-
19 disease driven by the omicron variant.

In sum, we show that a significant elevated CXCL16 at admis-
sion and during hospitalization were associated with adverse out-
come such as RF, the need for treatment at ICU and 60-day to-
tal mortality also after adjusting for several variables including
CRP. High levels of CXCL16 were also associated with cardiac in-
volvement during hospitalization as assessed by high levels of TnT
and NT-proBNP. Our findings suggest that CXCL16 could be a novel
and reliable marker for adverse outcome in hospitalized Covid-19
patients, potentially also involved in the pathogenesis of severe
Covid-19 disease including myocardial injury.
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Aneuploidy underlies paradoxical growth of rezafungin R

and enables cross-tolerance to echinocandins in Candida )
albicans

Dear Editor,

Echinocandins, including caspofungin (CSP), micafungin (MCF),
and anidulafungin (ANF), are first-line antifungal agents for the
treatment of invasive candidiasis. Rezafungin (RZF) is a next-
generation echinocandins drug currently in phase 3 development.
It has a long half-life and a good safety profile.! While suscep-
tible yeast cells are fully killed at intermediate-to-low concentra-
tions of echinocandins, they can grow in the presence of high an-
tifungal doses. This phenomenon, known as paradoxical growth
(PG), is often observed in vitro. PG seen in Candida and Aspergillus
species has four phases: phase 1, growth at sub-MIC concentra-
tions; phase 2, inhibition of growth at supra-MIC concentrations;
phase 3, growth at higher concentrations; and phase 4, inhibi-
tion of growth at the highest drug concentrations (reviewed in?).
Echinocandin-resistant clinical isolates usually carry point muta-
tions of FKS genes, which encode the target protein of echinocan-
dins, yet PG is not associated with FKS mutations. Although the
molecular mechanism of PG is largely unknown, one hypothesis is
that PG is a compensatory physiological response to the drug. 3

Here we investigated the PG effect of RZF in C. albicans, the
most prevalent opportunistic human fungal pathogen. We found
growth of lab strain SC5314 (RZF MIC was 25 ng/ml) on YPD in
the presence RZF also exhibited four phases: at 6.25 ng/ml and
12.5 ng/ml of RZF, growth was comparable to the no drug control;
at 25 ng/ml and 50 ng/ml of RZF, growth was obviously inhibited;
in a broad range of RZF from 100 ng/ml to 6400 ng/ml, growth was
reduced, but not inhibited, with smaller colonies indicative of slow
growth; and at 12,800 ng/ml, the highest RZF concentration tested,
growth was inhibited. Therefore, RZF displayed a PG response in
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Fig. 1. Paradoxical growth effect of rezafungin in Candida albicans.

(A), 3 nl of 10-fold serial dilutions of strain SC5314 was spotted on YPD plates containing rezafungin (RZF) at concentrations indicated. The plates were incubated at 37°C
and photographed after 48h (B), plating of approximately 100 cells of SC5314 on YPD plates containing RZF, incubated at 37°C and photographed after 5 days.

SC5314 (Fig. 1A). To investigate mechanisms by which C. albicans
colonies grew at high concentrations of RZF, we spread approxi-
mately 100 SC5314 cells onto YPD plates supplemented with 25 to
12,800 ng/ml of RZF in two-fold increase (Fig. 1B), each drug con-
centration having three technical repeats. After 5 days of incuba-
tion at 37°C, we collected all colonies (adaptors) from all the drug
plates, yielding 264 adaptors, which were archived at -80°C. We
then re-streaked each colony on YPD and performed spot assays,
which indicated that most of the adaptors (243 out of 264) grew
similarly to the parent strain in the presence of RZF, consistent
with the hypothesis that PG might be a non-heritable physiological
response. However, 21 adaptors (8%) displayed better growth than
the parent strain (Fig. S1). One adaptor, adaptor #33 derived from
1600 ng/ml of RZF (Fig. S1), appeared to grow very slowly and to
be highly unstable (yielding large, more stable colonies in addition
to the majority of small ones) and thus was not analyzed further.
Whole genome sequencing of the 20 tolerant adaptors revealed
that they all carried aneuploid chromosomes (Figs. S2 and 2A). Of
note, none of the sequenced adaptors had mutations in FKS genes
(GSC1, GSL1, GSL2). The karyotypes of the adaptors could be classi-
fied into 5 types based on the types of chromosomal aneuploidies.
Type 1 adaptors (15 independent isolates) all were monosomic
for a segment of chromosome R (SegChrRx1) from 1.9Mb to the
right telomere of ChrR (Fig. S2) and had been isolated from plates
containing RZF at 200 ng/ml (1 isolate), 400 ng/ml (5 isolates),
800 ng/ml (2 isolates), 1600 ng/ml (5 isolates), and 3200 ng/ml (2
isolates). Type 2 adaptors (2 isolates) carried a duplication of the
B homolog of Chr2 (Chr2 x 3, ABB) and were derived from plates
containing RZF at 200 ng/ml (1 isolate) and 800 ng/ml (1 isolate).
The only Type 3 adaptors carried a duplication of the A homolog
of Chr2 (Chr2 x 3, AAB). It was isolated from an RZF plate con-

taining 3200 ng/ml of RZF. The only Type 4 adaptor was isolated
from a 1600 ng/ml RZF plate and had a segmental duplication of
the left arm of ChrR (SegChrRx3). Type 5 adaptor appear to be a
mixed population composed of some cells carrying different ane-
uploid chromosomes, including the segmental monosomy seen in
Type 1 adaptors, as well as duplication of the rest ChrR. In addi-
tion, some cells in the population had whole chromosome dupli-
cation of Chr5. The type 5 adaptor was derived from YPD plate
supplemented with 12,800 ng/ml of RZF.

In C. glabrata, CSP-tolerant adaptors usually become hypersen-
sitive to MCF. The so-called CRS-MIS (CSP Reduced Susceptibility
and MCF Increased Susceptibility) is due to altered membrane sph-
ingolipids.* Furthermore, we previously found that aneuploidy en-
abled cross-tolerance to unrelated drugs in C. albicans® and C. para-
psilosis.5 Therefore, we asked if the RZF adaptors also had CRI-MIS
or, alternatively, if they obtained cross-tolerance to echinocandins.
Indeed, all five types of karyotypes enabled cross-tolerance to all 4
echinocandin drugs (CSP, MCF, ANF and RZF) (Fig. 2B). Therefore,
unlike the CRS-MIS observed in C. glabrata, in C. albicans, toler-
ance to RZF caused by aneuploidy was accompanied with cross-
tolerance to other echinocandins drugs.

Most C. albicans strains are diploid with eight pairs of chromo-
somes. We previously demonstrated that C. albicans was highly tol-
erant to aneuploidy, and each chromosome could be trisomic. Al-
though aneuploidy generally caused some fitness loss in the ab-
sence of stress, under stress conditions, aneuploidy conferred bet-
ter fitness to particular stresses and cross-tolerance to other un-
related stresses’ and this is often due to different genes on the
same chromosome. For example, in C. albicans adapted to low but
inhibitory concentrations of CSP via Chr5 x 18) or Chr2 x 3° and
Chr2 x 3 also confers cross tolerance to hydroxyurea and to tu-
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Fig. 2. Paradoxical growth facilitates cross-tolerance to echinocandins via aneuploidy.
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RZF-tolerant adaptors were sequenced and unique karyotypes, as well as the number of adaptors bearing the karyotypes, were shown in (A). The sequencing data was
visualized using Ymap.'® Read depth (normalized to that of the diploid parent) is shown on the y-axis on a log2 scale converted to absolute copy number (1-4). Allelic
ratios (A:B) are color-coded: gray, 1:1 (A/B); cyan, 1:0 (A or A/A); magenta, 0:1 (B or B/B); purple, 1:2 (A/B/B); blue, 2:1 (A/A/B); The sequencing data have been deposited in
the ArrayExpress database at EMBL-EBI (www.ebi.ac.uk/arrayexpress) under accession number E-MTAB-12,116. In (B), strains bearing the different karyotypes were tested for
tolerance to all echinocandin drugs, including anidulafungin (ANF), caspofungin (CSP), micafungin (MCF), and rezafungin (RZF). The plates were incubated at 37°C for 48 h

then photographed.

nicamycin.” However, to the best of our knowledge, this current
study is the first to identify a genomic change associated with PG
in yeasts.

Although only a small percentage of adaptors derived from ex-
posure to high concentrations of RZF gained tolerance to RZF, all
the tolerant adaptors were aneuploid and all were cross-tolerant
to all echinocandins drugs. The karyotypes were diverse, indicating
multiple aneuploidies enabled survival from the fungicidal drugs
and conferred drug tolerance. SegChrRx1 was the most preva-
lent change and was recurrently isolated from plates containing
different concentrations of RZF, indicating that the occurrence of
SegChrRx1 was RZF dose-independent, and it conferred tolerance
to wide range of RZF doses. Future work is warranted to test if this
mechanism, or an alternative mechanism, is implicated in clinical
treatment failure of candidiasis with echinocandins and in the de-
velopment of drug tolerance in vivo.

Fig. S1. Spot assay screening of all the adaptors.

Colonies that appeared on all of the plates supplemented with
RZF were tested with spot assay for tolerance to RZF.
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Increase of multidrug-resistant bacteria after the R
COVID-19 pandemic in South Korea: Time-series analyses %= =
of a long-term multicenter cohort

Dear Editor,

Concerns are being raised about whether the long-standing
coronavirus disease 2019 (COVID-19) pandemic will increase the
burden of multidrug-resistant organisms (MDROs).! The healthcare
practices may have been disrupted and overloaded owing to the
lack and exhaustion of frontline healthcare workers (HCWs), par-
ticularly during the COVID-19 crisis.? This situation could cause the
overuse of antibiotics and inappropriate environmental manage-
ment, given the move away from priorities of antimicrobial stew-
ardship programs (ASP) and contact precautions.> On the contrary,
unprecedentedly strict implementation of non-pharmacological in-
terventions (NPIs) may help reduce the intra-hospital spread of
MDROs through excellent hand hygiene and the use of personal
protection equipment. The inconsistent results from previous stud-
ies, which were conducted in the early stages of the COVID-19 pan-
demic and included relatively short observation periods,>~7 war-
rant close monitoring of the epidemiology trends of MDROs in var-
ious. We aimed to investigate the changing trends in new case and
bacteremia with MDROs before and after the COVID-19 pandemic
in South Korea, where the frequency of MDROs is high.®

This multicenter retrospective cohort study included six medi-
cal university-affiliated hospitals that were located in three differ-
ent provinces of South Korea. We collected the monthly numbers
of new case (first identification in clinical specimens or stool) and
first bacteremia of extensively drug-resistant Acinetobacter bau-
manii (XDR-ABA), difficult-to-treat Pseudomonas aeruginosa (DTR-
PAE), vancomycin-resistant Enterococci (VRE), and carbapenem-
resistant Enterobacterales (CRE) as well as numbers of stool ex-
aminations for VRE and CRE between January 2012 and Decem-
ber 2021. The VRE or CRE stool tests were categorized into two
kinds of data: (1) total negative results, best reflecting the efforts
to detect VRE and CRE, and (2) first examination after hospitaliza-
tion, including positive and negative results (except for the stool

tests performed after VRE or CRE was detected in a clinical sam-
ple), which would represent the active surveillance performance
appropriately. We divided the case of MDROs into pre- and post-
COVID-19 periods, using the cutoff date of January 2020. The study
was approved by the local Institutional Review Board from each
hospital with the waiver of the informed consent (YUHS:3-2022-
0176, KUAM:2022AN0027, KNUH:2022-01-002, and HUCH:2022-
01-016).

Isolates were categorized as XDR when they showed non-
susceptibility to >1 antimicrobial agent in all but <2 antimicro-
bial categories. Isolate were categorized as DTR when there was no
susceptibility to the antimicrobial categories of carbapenems, an-
tipseudomonal S-lactams, and fluoroquinolones. We included CRE
isolates that were not susceptible to any carbapenem, regardless of
carbapenemase-producing strains (CPE).°

We applied the Bayesian structural time series (BSTS) model,
which is the state-space analysis proposed by Google, Inc.,'”
using the R-language (version 4.1.3). The BSTS model can de-
termine the causalities and regression of an intervention us-
ing its counterfactual prediction function by artificial control of
what would have taken place had the intervention not occurred
and the observed data.'” We expressed the relative ([observed-
predicted]/predicted x 100) causal effects as percentages and 95%
credible prediction intervals (Cls). The autoregressive integrated
moving average (ARIMA) model was adjusted for the stool exami-
nations in VRE or CRE using SAS (version 9.4) to minimize the im-
pact of test numbers on the new case. A two-tailed p-value < 0.05
was considered statistically significant.

The BSTS models revealed that both new case and first
bacteremia of XDR-ABA (relative effects; 47% [95% Cl:19-79%],
p = 0.003 and 150% [93-211%], p = 0.001, respectively) and DTR-
PAE (41% [17-67%], p = 0.002 and 103% [65-145%], p = 0.001, re-
spectively) had significantly increased in the post-COVID period.
In addition, the observed values of VRE were significantly higher
than the predicted values after the COVID-19 pandemic for both
new case (10% [3-17%], p = 0.007) and first bacteremia (65% [48-
83%], p = 0.001). The first CRE bacteremia numbers also showed
a significant increase in the post-COVID-19 era (106% [78-135%],
p = 0.001). However, the observed data for new case of total CRE
(p = 0.056) did not differ from the predicted values (Table 1 and
Fig. 1). After adjustment for stool test numbers, which were de-
creased in the post-COVID-19 period, the new case (32% in model
3 adjusted for total negative and first examination) and first bac-
teremia (12%) of VRE showed a significant increase compared to
the predicted values (all p < 0.001). The reduction in stool exam-
inations did not affect the number of first bacteremia of CRE (4%,
p = 0.025) (Table 2).

Two recent studies presented the protective effect of the
COVID-19 pandemic against extended-spectrum fS-lactamase-
producing E. coli isolates and CPE using data until December 2020
in France.**® The authors attributed these results to the decrease
in antibiotic usage or testing of urine samples and hospital vis-
its due to the overall lockdown as well as increased implemen-
tation of NPIs.*6 It seems unclear whether these beneficial ef-
fects would extend beyond developed countries or after a period
of well-executed strong national policies mitigating COVID-19 and

T The vertical dotted lines in all graphs represent January 2020, the beginning of
the COVID-19 pandemic. The straight and dotted lines in the original panels indicate
the observed and predicted values using the BSTS model, respectively. The dotted
lines in the pointwise impact panels indicate the differences between the observed
and predicted values, which are called residuals. The dotted lines in the cumulative
impact panels represent the accumulated residuals.
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Changes in new case and first bacteremia with MDROs during the pre- and post-COVID pandemic using the Bayesian structural time series model.

MDROs Variables COVID-19 pandemic
Before (2012~2019) After (2020~2021)
Observed (N) Observed (N) Predicted (N) Absolute effect (N) Relative effect (%) p-value
VRE New case
Total 54.9 86.0 78.2 (72.3-84-1) 7.7 (2.4-13.6) 10 (3-17) 0.007
VR-E. faecium 24.5 54.0 33.7 (28.9-38-3) 20.3 (16.2-24.8) 60 (48-73) 0.001
New bacteremia
Total 12.2 23.5 14.3 (12.2-16.9) 9.2 (6.8-11.8) 65 (48-83) 0.001
VR-E. faecium 9.5 18.8 114 (9.2-13.0) 7.4 (5.3-9.6) 64 (46-84) 0.001
CRE New case
Total 57.9 743 67.2 (58.1-75.9) 72 (—1.5-16.6) 11 (-2-25) 0.056
CR-Klebsiella spp. 36.4 51.6 49.7 (42.7-56-2) 1.9 (-4.6-9.1) 4 (-9-18) 0.301
CR-E. coli 14.5 16.0 14.0 (11.1-17-3) 2.0 (—0.7-4.8) 14 (-5-35) 0.073
New bacteremia
Total 10.2 154 7.5 (5.3-9-5) 7.9 (5.8-10.1) 106 (78-135) 0.001
CR-Klebsiella spp. 52 10.0 4.7 (3.2-6-1) 5.2 (3.8-6.8) 111 (81-143) 0.001
CR-E. coli 3.9 338 2.4 (14-34) 14 (0.5-2.5) 59 (19-102) 0.005
XDR-ABA New case 64.7 52.8 35.8 (24.8-46-4) 17.0 (6.7-28.2) 47 (19-79) 0.003
New bacteremia 9.1 8.5 3.4 (1.3-5-3) 51 (3.2-71) 150 (93-211) 0.001
DTR-PAE New case 46.3 45.9 32.7 (23-8-41.2) 13.3 (5.4-21.8) 41 (17-67) 0.002
New bacteremia 4.0 55 2.7 (1.6-3.7) 2.8 (1.8-3.9) 103 (65-145) 0.001

Data are expressed as numbers or numbers (95% credible prediction intervals).

which had been steadily decreasing before the pandemic, showed
an increasing trend in both new case and first bacteremia after
COVID-19 (Figs. S1 and S2). Our results are similar to the trends
of national data from the Korea Centers for Disease Control and
Prevention. The total number of CRE infections and colonization,

beyond B-lactamase-producing MDROs because other studies have
reported conflicting results.>’

Our study showed that the occurrence of the most problematic
MDROs had increased after the COVID-19 pandemic, especially

in case of bacteremia. Surprisingly, the MDR-ABA and DTR-PAE,

Fig. 1. Changes in numbers of new case and first bacteremia patients of several MDROs before and after the COVID-19 pandemic evaluated by the Bayesian structural time
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Fig. 1. Continued

Table 2
Multivariable analyses adjusted by numbers of VRE or CRE stool tests in the autoregressive integrated moving average (ARIMA) model.
MDROs Variables Model 1 Model 2 Model 3
Estimate (SE) p-value Estimate (SE) p-value Estimate (SE) p-value
VRE New case
Total 29.85 (7.24) <0.001 32.36 (5.50) <0.001 31.76 (5.45) <0.001
VR-E. faecium 2543 (4.72) <0.001 24.45 (4.76) <0.001 25.06 (4.89) <0.001
New bacteremia
Total 11.98 (2.07) <0.001 11.88 (2.01) <0.001 11.97 (2.06) <0.001
VR-E. faecium 9.83 (1.75) <0.001 9.84 (1.69) <0.001 9.81 (1.71) <0.001
CRE New case
Total 12.39 (7.44) 0.099 12.40 (7.53) 0.103 12.53 (7.67) 0.106
CR-Klebsiella spp. 18.73 (10.34) 0.074 18.93 (5.50) <0.001 15.77 (7.02) 0.027
CR-E. coli 0.92 (1.66) 0.582 0.96 (1.63) 0.558 0.98 (1.63) 0.549
New bacteremia
Total 4.51 (1.93) 0.022 4.51 (1.93) 0.022 4.45 (1.96) 0.025
CR-Klebsiella spp. 4.51 (1.45) 0.002 4.52 (1.44) 0.002 4.52 (1.45) 0.003
CR-E. coli 0.15 (0.61) 0.803 0.15 (0.62) 0.813 0.15 (0.62) 0.809

The estimate (standard error) is expressed as a percentage. Model 1: adjusted for total negative results of stool VRE or CRE tests (category 1); model 2: adjusted for total
stool VRE or CRE tests performed as the first examination after admission (category 2); model 3: adjusted for categories 1 and 2.

designated as a legal infectious disease in June 2017 and converted
to a surveillance system with mandatory reporting within 24 h in
South Korea, significantly increased since the COVID-19 pandemic
(Fig. S3).

As a limitation, we did not quantify the performance rate of
various elements of NPIs and ASP as well as an overload of HCWs

at several hospitals. As the duration of the pandemic increases, the
rate of implementation of initially strong policies would decrease.
Taken together, our findings are concerning because the effects of
MDROs on global health are critical, and it is difficult and time-
consuming to reduce the resistance to the same levels as before.
Hence, we need to actively and continuously monitor the increase
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in infections with MDROs as well as occurrence of new resistance
in various regions.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jinf.2022.09.026.
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Coronavirus disease 2019 vaccination and live birth )

outcome after fresh embryo transfer e
Dear Editor,

Coronavirus disease 2019 (COVID-19) has become a global pan-
demic and vaccination is a key strategy to reduce morbidity
and mortality from the disease. This is especially important for
reproductive-aged women planning to conceive, since COVID-19
could result in unfavorable obstetric and neonatal outcomes during
pregnancy as addressed by a living systematic review with meta-
analysis! and two recent articles published in the Journal of In-
fection.?-> However, vaccination coverage remains slow-moving de-
spite of increased access, with fertility concern identified as a ma-
jor source of hesitancy.* Among in vitro fertilization (IVF) cycles,
accumulating studies have demonstrated no significant association
of COVID-19 vaccines with ovarian response, oocyte quality, and
embryo implantation.”-® Nonetheless, data on live birth, the key
outcome of IVF treatment, is still lacking due to the short follow-
up period. The purpose of our study was to evaluate the effect of
inactivated COVID-19 vaccination on live birth outcome after fresh
embryo transfer (ET).

This was a retrospective cohort study of all infertile women un-
dergoing fresh ET cycles from June 1st to October 18th 2021 at our
reproductive center with ISO 9001:2015 quality control. Study ap-
proval was obtained from the Ethics Committee of Jiangxi Maternal
and Child Health Hospital (No. 2021-02), and all patients provided
written informed consents. The study group consisted of patients
who completed two full doses of inactivated COVID-19 vaccines
(Sinopharm or Sinovac) before ET, while those unvaccinated were
categorized into the control group. We excluded patients with par-
tial vaccination, other vaccine types, self-reported COVID-19 his-
tory, donor sperm or oocyte, repeated cycles, loss to follow-up, and
missing IVF data. The primary outcome was the rate of live birth,
defined as the delivery of a viable infant at >24 weeks of gestation.
Details on vaccination status ascertainment, routine IVF protocol,
and other outcome measures have been described in our previous
study of the same cohort.?

For between-group comparison, we used Student’s t-test, Mann-
Whitney U-test, Pearson’s Chi-square test, or Fisher's exact test as
appropriate. Multiple logistic regression analysis was applied to
control for potential confounders. Based on an overall live birth
rate (LBR) of 55% in our center, a sample size of 117 patients per
group was estimated to detect a 18% post-vaccination decrease
with 80% power and alpha of 0.05. Data analysis was conducted
in SAS version 9.4 (SAS Institute, USA), and a two-sided P < 0.05
was considered as statistically significant.

Of the 1385 patients included, 124 were vaccinated and 1261
were unvaccinated. The two groups differed significantly in female
age, uterine factor infertility, previous transfer times, ovarian stim-
ulation protocol, fertilization method, and male vaccination sta-
tus. No significant differences were observed in other baseline de-
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Table 1
Baseline demographics, cycle characteristics, and laboratory outcomes of included patients.
Vaccinated Unvaccinated P-value
(n =124) (n = 1261)
Age (years) 31.8 + 43 31.0 + 44 0.017
Body mass index (kg/m?) 219 £ 3.2 222 +31 0.101
Antral follicle count 13.5 + 6.1 139 + 58 0.238
Infertility duration (years) 44 £29 42 + 3.0 0.338
Type of infertility, n (%) 0.959
Primary 47 (37.9) 475 (37.7)
Secondary 77 (62.1) 786 (62.3)
Infertility diseases
Tubal factor, n (%) 88 (71.0) 917 (72.7) 0.677
Male factor, n (%) 30 (24.2) 301 (23.9) 0.936
Ovulatory dysfunction, n (%) 14 (11.3) 175 (13.9) 0.423
Diminished ovarian reserve, n (%) 10 (8.1) 105 (8.3) 0.920
Endometriosis, n (%) 13 (10.5) 85 (6.7) 0.121
Uterine factor, n (%) 25(20.2) 145 (11.5) 0.005
Male vaccination status, n (%) <0.001
Unvaccinated 42 (33.9) 1115 (88.4)
Partially vaccinated 10 (8.1) 77 (6.1)
Fully vaccinated 72 (58.1) 69 (5.5)
Previous retrievals 12+ 05 12 £ 0.6 0.209
Previous transfers 0.3 + 0.8 0.2 + 0.6 0.043
Ovarian stimulation protocol, n (%) 0.001
Agonist 120 (96.8) 1255 (99.5)
Antagonist 4(3.2) 6 (0.5)
Fertilization method, n (%) 0.015
IVF 96 (77.4) 946 (75)
ICSI 27 (21.8) 222 (17.6)
IVF+ICSI 1(0.8) 93 (7.4)
Stimulation duration (days) 109 + 1.9 1 £ 2.0 0.746
Total gonadotropin dose (IU) 2175.8 + 731.2 2136.2 + 809.4 0.389
Trigger day estradiol level (pg/mL) 1658.6 + 901.1 1780.7 + 845.7 0.081
Trigger day progesterone level (ng/mL) 04 £ 03 04 £03 0.497
Trigger day endometrial thickness (mm) 10.8 + 2.8 11.0 £ 2.5 0.160
Number of oocytes retrieved 10.8 + 4.9 114 + 4.6 0.174
ICSI mature oocyte rate (%) 75.0 £ 12.8 779 £+ 19.8 0.192
Normal fertilization rate (%) 68.6 + 20.5 67.3 + 19.8 0.376
Cleavage rate (%) 96.1 £ 7.8 96.7 + 8.0 0.180
Day 3 good-quality embryo rate (%) 29.5 + 25.1 281 £ 235 0.699
Blastocyst formation rate (%) 74.3 + 29.4 72.7 £ 30.3 0.683
Number of viable embryos 39+ 22 3.7+20 0.333
Number of embryos transferred, n (%) 0.497
Single 40 (32.3) 370 (29.3)
Double 84 (67.7) 891 (70.7)
Embryo developmental stage, n (%) 0.688
Cleavage 92 (74.2) 956 (75.8)
Blastocyst 32 (25.8) 305 (24.2)
Transfer of at least 1 good-quality embryo, n (%) 80 (64.5) 883 (70.0) 0.204

Note: Data are presented as mean + standard deviation or number (percentage). IVF = in vitro fertilization; ICSI = intracyto-

plasmic sperm injection.

mographics, cycle characteristics, as well as laboratory outcomes
(Table 1).

LBR was 49.2% and 54.4% in vaccinated and unvaccinated pa-
tients respectively (P = 0.267), resulting in a crude odds ratio (OR)
of 0.81 (95% confidence interval [CI] 0.56-1.77) and an adjusted
OR of 0.97 (95% CI 0.62-1.51). Similarly, there were no significant
differences in biochemical pregnancy, clinical pregnancy, and mis-
carriage rates, which remained consistent on crude and adjusted
analyses (Table 2). Obstetric and neonatal outcomes were also
followed-up during pregnancy, and no evidently increased com-
plications were observed in the vaccinated group (Supplementary
Table S1).

For vaccinated patients, the mean time interval between com-
plete vaccination and ET was 126.5 + 64.0 (range 13-246) days.
As demonstrated in Supplementary Table S2, both laboratory and
pregnancy outcomes remained comparable when these patients
were subdivided into <2-month and >2-month groups.

For the first time, our study showed that COVID-19 vaccination
had no measurable effect on LBR in IVF cycles, which adds to the
growing evidence on its reproductive safety and provides reassur-
ance for fertility-seeking women. Consistent with guidelines from
the American Society for Reproductive Medicine and European So-
ciety of Human Reproduction and Embryology,®-'? our preliminary
data also demonstrated no significant impact of vaccination inter-
val on IVF outcome, as long as the immune response was stabilized
after several days.

This study is limited by its small sample size in a single cen-
ter and retrospective design with potential residual confounding
and selection bias. Moreover, the generalization of our finding
could be restricted by the inclusion of only inactivated vaccines
and the majority of double cleavage-stage embryo transfer. Fur-
ther larger prospective cohort studies are needed to confirm our
conclusion.
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Table 2
Pregnancy outcomes of vaccinated versus unvaccinated patients after fresh embryo transfer.
Vaccinated Unvaccinated P-value cOR (95% CI) aoR (95% CI) @
(n =124) (n = 1261)

Biochemical pregnancy, n (%) 89 (71.8) 928 (73.6) 0.662 0.91 (0.61-1.38) 1.39 (0.84-2.31)

Clinical pregnancy, n (%) 76 (61.3) 799 (63.4) 0.648 0.92 (0.63-1.34) 1.26 (0.80-2.00)

Embryo implantation, n/N (%) 98/208 (47.1) 1027/2152 (47.7) 0.867 - -

Miscarriage, n/N (%) 14/76 (18.4) 104/799 (13.0) 0.187 1.51 (0.82-2.79) 1.40 (0.71-2.76)

Live birth, n (%) 61 (49.2) 686 (54.4) 0.267 0.81 (0.56-1.17) 0.97 (0.62-1.51)

Note: cOR = crude odds ratio; CI = confidence interval; aOR = adjusted odds ratio.

2 Adjusted for age, body mass index, infertility type, duration of infertility, infertility diseases, male vaccination status, previous retrievals and
transfers, ovarian stimulation protocol, fertilization method, trigger day estradiol and progesterone level, number of oocytes retrieved, endometrial
thickness, number of embryos transferred, embryo developmental stage, and embryo quality.
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Genomic characteristics of a notable emerging serotype
010:K4 of Vibrio parahaemolyticus from food-borne
cluster events in Guangzhou, China

®

Gheck for
Gpdates'

Dear Editor,

Pandemic V. parahaemolyticus was recognized as one of the im-
portant causes of acute gastroenteritis globally. Recently, increas-
ing numbers of new Vibrio parahaemolyticus serotype 010:K4 were
discovered during food-borne incidents in Guangzhou, the third
biggest city in China. The same increasing occurrences were also
reported in other cities until very recently, suggesting its ability
of rapid dissemination." However, these reports just described the
serotype and common virulence gene, and their genetic character-
istics were little discovered. In this context, the chromosomal se-
quences of this new serotype were obtained, and genetic features
were detailed. In addition, the phylogenic relationship and genes
related with seroconversion were also revealed. These should help
us understand the evolution of V. parahaemolyticus, alarmed on this
new serovariant isolates with pandemic potential.

Six of twelve districts in Guangzhou city have discovered the
new serotype 010:K4 during 14 cluster events, affecting more than
130 persons from 2020 to May 2022. The first cluster event was re-
ported in June 2020, more than 40 persons registered with abdom-
inal pain, vomiting, and fever. Seventeen 03:K6 and ten 010:K4
serotypes were isolated. In 2020, four cases were correlated with
010:K4 in twelve food poisoning outbreaks caused by V. para-
haemolyticus (33.33%), and the percentage arrived at 90.00% (9/10)

Abbreviations: Vibrio parahaemolyticus, serotype 010:K4; food-borne cluster
events, Genomic characteristics.
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Fig. 1. A) SNP analysis of V. parahaemolyticus. 142 of V. parahaemolyticus were adopted to construct the phylogenetic tree. Thirty-three were 010:K4, and the rest were other
serotypes obtained from GenBank (Suppl.Table 1). The SNP detection was performed by the snippy pipeline with the RIMD 2,210,633 as reference. The pink color was the
03:K6 and 010:K4 serotype, and the purple color represented the 04:K8 group; B) Pan-genome analysis between serotype 010:K4 and 03:K6. The analysis was conducted
by roary pipeline. The phylogenetic tree is based on the binary presence and absence of accessory genes. The pink color represented the strains of 010:K4 and the light blue
meat the isolates of 03:K6; C) The cg-MLST analysis. The cg-MLST was conducted with the ChewBBACA pipeline. The serotype 010:K4 strains were clustered, different from
that of 03:K6 and 04:K8, and 010:K4 were close to the 03:K6 serotype. The numbers on the line were the distance between strains in the same cluster. The red, dark blue,
and light blue clusters were serotypes of 04:K8, 010:K4, and 03:K6, respectively; D: the cluster analysis based on core and accessory gens.

in the year 2021. Until August 2022, three food-borne incidents
were reported, and all was identified as 010:K4. The same grow-
ing trend was also reported in other coastal cities in China? and
even inland cities,' suggesting the new pathogen’s ability of rapid
dissemination (Suppl. Fig. 1). The high pathogenicity and rapid
spreading of this new serotype promoted us to reveal its genetic
characteristics.

The high-throughput sequencing was adopted to reveal the
characteristics of pathogenic microorganisms. The 28 strains (eigh-
teen 010:K4 and ten 03:K6 strains) isolated in food-borne diar-
rheal cases during 2020 and 2021 were sequenced (Suppl. Figs. 2
and 3). The results indicated they all belonged to the ST3. All of
the GIs, including pandemic genes (tdh*/ORF-8*/toxRS*) discov-
ered in the original serotype 03:K6 strain, were also identified in
the new serotype 010:K4. These genetic characteristics and viru-
lence factors suggested the new serotype should be regarded as
the pandemic clone, with a remarkable ability to cause outbreaks.
In fact, its occurrence was increasing in food-borne diarrheal cases.

The phylogenetic tree based on cgSNP was conducted to deter-
mine its closest species. It indicated the 010:K4 and 03:K6 clus-
tered in a group, which differed from 04:K8 (Fig. 1A). The 03:K6
and 04:K8 were the common serotypes discovered in food-borne
cluster events in Guangzhou.> Now the new serotype 010:K4 has
been dominant. Interestingly, although SNP-based analyses have
been successfully applied in resolving large national and interna-
tional outbreaks, they could not accurately distinguish these two
different serotypes of V. parahaemolyticus (Fig. 1A). These may at-
tribute to their genetic similarity, as indicated by PFGE profiles
of these two serotypes.? The different serovariants may gener-
ate by the incorporation of genes of related species (Horizon-
tal gene transfer, HGT).* Therefore, building phylogenetic trees in-
corporating the exclusive DNA of each isolate may help distin-
guish different serotypes. The cgMLST profiles based on core geno-
type (Fig. 1C) and the pan-genome analysis based on gene pres-
ence/absence (Fig. 1B and D) provided good resolution of the
serotype classification.
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Fig. 2. A) BLAST Ring Image Generator (BRIG) analysis of different serotypes of V. parahaemolyticus. The chromosome I of the new serotype 010:K4 was adopted as a
reference. The co-occurrence of 03:K6 in the same food poison case and the classical serotype 03:K6 RIMD 2,210,633 were blasted against the reference strain. The innermost
rings show GC content; the next arc indicated the Vpal1-5 and phage f237 (marked with red font); the gray arc suggested the genes correlated with O- and K- antigens. The
following colored ring was strains of serotype 010:K4, 03:K6, and RIMD 2,210,633, as legend suggested. Genes played a role in horizontal gene transfer was also indicated
in the figure (blue font); B-E) The comparative analysis between serotype 010:K4 and 03:K6. The fragment I noted in A is shown in B. The sub-fragment I (C) and sub-
fragment II (D) in B were correlated with O- and K- antigens, respectively. The details of sub-fragment I and sub-fragment II was further depicted in C and D. The detailed
genes on sub-fragment III indicated in B were shown in E. The orange arrows indicated the conserved genes correlated with serotype. The blue arrows meant the same
genes between 010:K4 and 03:K6. The red arrows represented the different genes between 010:K4 and 03:K6, and the green arrows represented the genes correlated with
gene insertion and recombination. The genes and their position relationship were visualized with the genoPlotR (v 0.8.11) package in R (v 3.6.2); F) The phylogenic analysis
between fragment Il and the most related species in the NCBI database. Fragment II was blasted against the NCBI database to find the closest sequences. The most correlated
species were used to build the phylogenetic tree. As suggested, the Vibrio fluvialis strain was closed to the fragment inserted in 010:K4.

The BRIG analysis of different serotypes of V. parahaemolyti-
cus further indicated two long fragment insertions or transver-
sions on the 010:K4 chromosome (Fig. 2A). The core oligosaccha-
ride was correlated with O serotypes of V. parahaemolyticus, lo-
cated in regions between border marker gene coaD and gmhD.?
Our research suggested that this part was located on the inser-
tion sub-fragment I (Fig. 2B), and ten genes between these two
markers have changed (Fig. 2C). Most of which encoded glycosyl
transferase and enzymes correlated with external polysaccharide
biosynthesis (Suppl.Table 2). Notably, the gene linked with the ly-
sylphosphatidylglycerol (LPG) synthase TM region was identified,
which may be transferred with the help of its bilateral transpo-
son (Fig. 2C). It could modify membrane lipids correlated with
seroconversion by adding lysyl groups. More importantly, as hu-
man defense systems usually leverage cationic properties to fight
against bacteria by its affinity to bacterial profound negative net
charged membranes.® The added positively-charged L-lysine may
confer 010:K4 the ability to resistance to host defense systems.

The K-serogroups related genes are located between gmhD and
rig.” Twenty-seven and twenty-two genes were involved in 010:K4
and 03:K6 serotypes, respectively (Fig. 2D). The function of sixteen
genes in 010:K4 was different from that of eleven genes in 03:K6,
and most of them were involved in the pathways for high molecu-
lar weight polysaccharide biosynthesis (Suppl.Table 2). These vari-
ous genes may result in the K serotype conversion. Besides, EpsL
and EpsM were exclusively identified on this inserted fragment.
These two genes were reported to be included in the type II se-
cretion system (T2SS) and regarded as the critical components of

the secretion machinery in Vibrio cholerae.® Notably, epsM was a
target gene for detecting V. cholerae.® Therefore, it would generate
false positive results when this new serotype V. parahaemolyticus
was involved in the tested samples.

Most genes on fragment Il were correlated with the DNA
molecules recombination or integration, such as tyrosine-type re-
combinase/integrase, HNH endonuclease, type I restriction enzyme
R Protein, restriction endonuclease subunit S, SIR2-2 domain-
containing protein, and type I restriction-modification system sub-
unit M (Fig. 2E). These may favor the insertion or recombination
of fragments | and II discovered in the new serotype 010:K4. The
phylogenic analysis suggested this fragment may come from Vibrio
fluvialis (Fig. 2F). Significantly, the gene encoding the XRE family
transcriptional regulator was inserted into the fragment. This gene
was reported to be involved in oxidative and high-temperature
stress tolerance.'” The inserted genes may improve the adaptability
of the new serotype to the environment, increasing its spreading.

In conclusion, the new serotypes 010:K4 carried entire vibrio
pathogenicity islands and pandemic genes (tdh™/ORF-8*/toxRS™). It
was close to the 03:K6 serotype and showed highly similar ge-
netic backbones. There were two insertion fragments in 010:K4 on
chromosome I compared with 03:K6. One of these fragments was
correlated with the seroconversion of O- and K-antigen. The other
fragment may come from Vibrio fluvialis, which contained many
genes related to insertion or recombination. The new serovari-
ant strain may likely arise from 03:K6 by horizontal transfer
and replacement of both O- and K-antigen genetic elements on
fragment I. The present work should help advance understand-
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ing of the serovariation in V. parahaemolyticus and provide valu-
able information for developing diagnostically relevant serotyping
methods.
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Monkeypox outbreak in a correctional center in North m

Gheck for

Eastern Nigeria 2
Dear Editor,

Orviz et al.! report that Monkeypox in Spain is associated with
person-to-person transmission and that infected individuals are
more likely to have concomitant sexually transmitted infections,
pointing to a potential sexual transmission. Monkeypox, is the
most prevalent orthopoxvirus? since the eradication of smallpox
and has long been reported from Africa, with outbreaks in Cen-
tral and West Africa, corresponding to the Congo Basin and the
West African clades (renamed clades 1 and 2, respectively).? Al-
though infection in Africa is zoonotic, human-to-human transmis-
sion is the predominant route of transmission for outbreaks out-
side Africa,* with most infections occurring after meeting in con-
glomerate settings and close contact. Until recently, clusters out-
side Africa were associated with travel, notably in Europe and the
Americas.” However, in the last decade numerous outbreaks out-
side the African continent do not have clear travel linkages and
there is considerable debate on whether sexual behavior is a route
of transmission or merely a marker of behavioral patterns. There
has also been an increase of cases reported from Africa,> and Mon-
keypox reemerged in Nigeria in 2017.5 The first case of Monkey-
pox in Adamawa State, in the Northeast, was only reported in Jan-
uary 2022 and human-to-human transmission is considered to be
rare. Up to now, most cases are less than 40 years old, born af-
ter the cessation of the smallpox vaccination.> Here, we report the
first outbreak of Monkeypox occurring in a prison in Nigeria, in
which the predominant route of transmission seems to be person-
to-person contact. To our knowledge, Monkeypox outbreaks have
not been reported from prisons anywhere in the world (Fig. 1).

The outbreak

On the 2nd of March 2022, Adamawa State Ministry of Health
was notified of inmates with rashes occurring in Yola prison and
a joint rapid response team (RRT) from the State Field Office and
the World Health Organization (WHO) initiated outbreak investi-
gations. An initial head count identified 21 affected individuals un-
der 40 years old. Some inmates had almost recovered at the time
of examination, while others had just started to have symptoms,
indicating the outbreak had lingered for several weeks before the
investigation. The index case had a rash three months before the
visit and cases had occurred over 18 weeks. Inmates were un-
dernourished and untidy, had fever, rashes, body weaknesses and
sometimes had collapsed. Rashes involved the face, head, neck,
trunk, buttocks, the extremities (Fig. 2), and genitalia. All partici-
pants had enlarged inguinal and some cervical lymph nodes, which
were firm, non-fluctuant and tender. Individuals with overt infec-
tions were isolated and inmates were monitored for signs and
symptoms of infection. A visit 72 h later identified further seven
cases and one further case was reported from the specialist hospi-
tal. Two of the five samples tested at the National Reference Labo-
ratory were PCR-positive for monkeypox. Suspected cases were re-
ported to Local and State Government authorities, NCDC and WHO.

Although Monekypox transmission in West Africa if consid-
ered a zoonotic infection occurring sporadically or in clusters,
transmission in conglomerates is rarely documented and we have
not found previous reports of outbreaks occurring in prison cen-
ters. It is surprising that outbreaks in prisons have not been re-
ported, as the likelihood of transmission is high due to their
crowded conditions, frequency of skin-to-skin contact and infes-
tations with rodents.” A single case of human-to-human transmis-
sion was reported in Nigeria during the reemergence of Monkey-
pox in 2017.5 However, this case did not lead to further cases. As a
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Fig. 1. Number of Monkey pox cases by symptom onset by epidemiologcal weeks (51 2021 to 17 2022).

Fig. 2. Monkeypox lesions among inmates.

reemerging infection in Nigeria, staff and inmates had low aware-
ness of Monkeypox and were even unaware of its namesake, its
mode of transmission and potential for human-to-human infec-
tion. Although prompt investigation, engagement of stakeholders
and quality response can halt the spread of monkeypox in a closed
system, the outbreak continued to spread due to sub-optimal ad-

herence of the control measures proposed, administration bottle-
necks and limited funding. Local partners were advised to sus-
pend presential court sessions and delay transfers between pris-
ons; the provision of individually named uniforms and bed linen,
washing uniforms and bedding with disinfectants and the elimina-
tion of rodents. Ideally, at-risk prison health care workers should
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have been vaccinated and provided with personal protective
equipment.

Similar to Orviz et al.! report, most inmates in Yola lived un-
der conditions that could facilitate human-to-human transmission,
and potentially sexual transmission. However, the living conditions
could also maintain zoonotic transmission and the actual route
of infection remains conjectural, but difficult to identify while in-
vestigating the outbreak in a confined population with high con-
tact intensity. It is now well established that the epidemiology of
Monkeypox has changed in recent months, with more than 30,000
cases reported in the four months from May 2022, with cases re-
ported in 82 countries, including countries which historically have
not reported cases of the virus and more cases reported in coun-
tries that were not traditionally endemic. Although the outbreak
reported here occurred in a West African endemic country, cases in
Nigeria have also increased in since its re-emergence in 2017, and
further studies are needed to document changes in its epidemiol-
ogy in endemic countries.
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Reduced T-cell response following a third dose of )

SARS-CoV-2 vaccine in infection-naive people living with &=
HIV

Dear Editor,

Hagiya and colleagues recently reported a poor humoral im-
mune response towards third dose of SARS-CoV-2 mRNA vaccine
in the older Japanese population.! This observation highlights that
generalisation of results obtained from vaccine trials to specific
subpopulations may be hazardous. People living with HIV (PLWH)
represent another population poorly represented in large-scale vac-
cine trials. Despite the fact that PLWH are at higher risk of severe
coronavirus disease 2019,2 immunological data following vaccina-
tion in this population remain sparse.>-6

We prospectively evaluated humoral and T-cell immune re-
sponses before (T0) and after (T1) administration of a third dose
of SARS-CoV-2 vaccine, either BNT162b2 or mRNA-1273, in PLWH
followed-up at the University Hospital of Liége (Belgium) and in
HIV-negative healthcare workers (HCWs). Biological analyses in-
cluded quantification of anti-trimeric spike protein specific IgG
(anti-S IgG), 50% neutralising antibody titres (NTsy) against wild-
type (WT) and Omicron (BA.1/B.1.1.529) strains, and SARS-CoV-2-
specific interferon-gamma (IFN-y) release using the QuantiFERON
SARS-CoV-2 assay which contains two different pools (Agl and
Ag2) of spike-embedded peptides (Appendix p1-2). We compared
immune parameters at both timepoints between PLWH and HCWs
using linear regression models on logo-transformed variables. Evo-
lution of the immune parameters was analysed using signed-rank
test for paired observations. Results were contrasted according to
participants’ prior SARS-CoV-2 infection. All models were adjusted
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Table 1
Background characteristics of PLWH and HCWs individuals at TO and T1.
Variable PLWH at TO HCWs at TO p-value PLWH at T1 HCWs at T1 p-value
(n=119) (n=79) (n=80) (n=51)
Male sex 59 (49.6) 13 (16.5) <0.0001 43 (53.8) 11 (21.6) 0.0003
Age (Years) 452 + 10.6 437 £ 115 0.36 45.6 + 10.7 43.0 + 10.0 0.18
18-29 6 (5.0) 7 (8.9) 4 (5.0) 2(3.9)
30-39 36 (30.2) 27 (342) 24 (30.0) 22 (431)
40-49 36 (30.2) 19 (24.0) 1(26.2) 13 (25.5)
50-59 29 (24.4) 17 (21.5) 22 (27.5) 10 (19.6)
>60 12 (10.1) 9 (11.4) 9 (11.3) 4(7.8)
BMI (kg/m?) 28.0 £ 5.1 251 + 6.2, n=76 0.0006 275 + 5.6 259 + 6.9, n=50 0.13
Underweight (<18.5) 0 (0.0) 2 (2.6) 0 (0.0) 2 (4.0)
Normal range (18.5-24.9) 34 (28.6) 38 (50.0) 29 (36.2) 22 (44.0)
Overweight (25-29.9) 50 (42.0) 24 (31.6) 34 (42.5) 17 (34.0)
Obese (>30) 35 (29.4) 12 (15.8) 17 (21.3) 9 (18.0)
Ethnicity - -
Caucasian 45 (37.8) - 34 (42.5) -
African 69 (58.0) - 41 (51.3) -
Other 5 (4.2) - 5 (6.2) -
Medical history
Diabetes mellitus 8 (6.7) 3(3.8) 0.53 5 (6.2) 1(2.0) 0.40
Hypertension 32 (26.9) 14 (17.7) 0.13 18 (22.5) 7 (13.7) 0.21
Heart failure coronary artery disease 2(1.7) 1(13) - 2(2.5) 0 (0.0) -
Stroke 2(17) 0 (0.0) - 1(12) 0(0.0) -
Liver disease 1(0.8) 0 (0.0) - 1(1.2) 0 (0.0) -
Kidney disease 0 (0.0) 0 (0.0) - 0 (0.0) 0 (0.0) -
Chronic lung disease 1(0.8) 0 (0.0) - 1(1.2) 0 (0.0) -
Asthma 0 (0.0) 6 (7.6) 0.0036 0 (0.0) 3 (5.9) 0.0028
Autoimmune disease 1(0.8) 4 (51) 0.083 0 (0.0) 2 (3.9) -
Hematological cancer 0 (0.0) 4 (5.1) - 0 (0.0) 1(2.0) -
Non hematological cancer 9 (7.6) 4 (5.1) 0.74 7 (8.8) 4 (7.8) 1.0
Solid-organ/cell transplantation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) -
Immunosuppressive drugs - -
Corticosteroids 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0
Other 1(0.8) 1(1.3) 0 (0.0) 0(0.0)
Previous SARS-CoV-2 infection (before TO)
Questionnaire 26 (21.9) 19 (24.0) 0.72 14 (17.5) 15 (29.4) 0.11
Positive anti-N antibody 50 (42.0) 13 (16.9), n=77 0.0002 30 (37.5) 10 (20.0), n=50 0.035
SARS-CoV-2 experienced” 55 (46.2) 21 (26.6) 0.0054 32 (40.0) 16 (31.4) 0.32
Previous SARS-CoV-2 infection (before T1) - -
Questionnaire - - - 15 (18.8) 18 (35.3) 0.033
Positive anti-N antibody - - - 40 (50.0) 17 (34.0), n=50 0.074
SARS-CoV-2 experienced - - - 41 (51.2) 22 (43.1) 0.37
Experienced (between TO and T1) - - - 9 (11.2) 6 (11.7) -
First vaccine dose - -
BNT162b2 mRNA (Pfizer) 101 (84.9) 79 (100.0) 69 (86.2) 51 (100.0)
mRNA-1273 (Moderna) 8 (6.7) 0 (0.0) 4 (5.0) 0 (0.0)
ChAdOx1-S (Astra Zeneca) 10 (8.4) 0 (0.0) 7 (8.8) 0 (0.0)
Second vaccine dose - -
BNT162b2 mRNA (Pfizer) 100 (84.0) 79 (100.0) 69 (86.2) 51 (100.0)
mRNA-1273 (Moderna) 9 (7.6) 0 (0.0) 4 (5.0) 0 (0.0)
ChAdOx1-S (Astra Zeneca) 10 (8.4) 0 (0.0) 7 (8.8) 0 (0.0)
Third vaccine dose - -
BNT162b2 mRNA (Pfizer) - - 42 (52.5) 51 (100.0)
mRNA-1273 (Moderna) - - 38 (47.5) 0 (0.0)
Time between first and second vaccine dose (weeks) 5.0 (4.0-5.0) 3.0 (3.0-3.1) <0.0001 5.0 (4.4-5.0) 3.0 (3.0-3.1) <0.0001
Time between second vaccine dose and sample at TO (weeks) 25 (23-28) 24 (24-24) 0.025 25 (23-27) 24 (24-24) 0.014
Time between second and third vaccine dose (weeks) - - - 27 (25-31) 38 (35-39) <0.0001
Time between third vaccine dose and sample at T1 (weeks) - - - 24 (3.1-3.9) 4.7 (4.0-8.0) <0.0001
Time between TO and T1 (weeks) - - - 5 (4-6) 19 (18-19) <0.0001
HIV infection -
HIV-1 118 (99.2) - 79 (98.8) -
HIV-2 1(0.8) - 1(1.2) -
Prior AIDS diagnosis 45 (37.8) - 27 (33.8) -
Time at TO since HIV diagnosis (years) 11 (6-18) - - 11 (6.5-18) - -
<1 1(0.8) - 1(12) -
1-5 27 (22.7) - 17 (213) -
6-10 26 (21.9) - 17 (21.3) -
>10 65 (54.6) - 45 (56.2) -
Nadir CD4+T cell count per uL 259 (163-462) - - 292 (166-502) - -
<200 39 (32.8) - 25 (312) -
>200 80 (67.2) - 55 (68.8) -
Last CD4+T cell count per L (2021 or 2022) 680 (546-898) - - 743 (592-940) - -
<350 8 (6.7) - 3(3.7) -
350-499 17 (14.3) - 11 (13.8) -
>500 94 (79.0) - 66 (82.5) -
CD4/CDS8 ratio, n=117 1.03 + 0.57 - - 11 £ 0.57 - -
<06 25 (214) - 16 (20.0) -
0.6-1 40 (34.2) - 26 (32.5) -
>1 52 (44.4) - 38 (47.5) -
Last plasma viral load copies/mL <20 (<20-<20) - - <20 (<20-<20) - -
<50 112 (94.1) - 75 (93.8) -
Time on ART (years) 10.7 + 6.6 - 10.7 + 6.9 -

Results are expressed as n (%), mean + SD, or Median (Q1-Q3) as appropriate and p-values of Chi-square or Fisher exact test, ANOVA, or Kruskal-Wallis test respectively.

* 1 Previous SARS-CoV-2 infection if ‘Yes’ at questionnaire or positive anti-nucleocapsid antibodies.



Letters to the Editor/Journal of Infection 85 (2022) 702-769

A. Comparison of immune responses between PLWH and HIV-negative HCWs at TO
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Fig. 1A. Comparison of cellular and humoral immune responses between people living with HIV and HIV-negative healthcare workers before administration of the third
dose of SARS-CoV-2 mRNA vaccine (TO).

SARS-CoV-2-specific IFN-y release for Agl (A;), SARS-CoV-2-specific IFN-y release for Ag2 (A;), Anti-S IgG (As3), neutralising antibody titres against Wild-type variant (A),
and neutralising antibody titres against Omicron variant (As) were measured and compared between PLWH (n=119) and HCWs (n=79) who had received two doses of the
SARS-CoV-2 vaccine. Dots represent subjects, whiskers represent median and IQR, and horizontal dashed line corresponds to the positivity cutoff (IFN-y > 0.15 IU/mL and
anti-S IgG > 33.8 BAU/mL were considered positive). Statistics were calculated using adjusted linear regression models on log10-transformed variables. Exact number of
participants in each group is indicated in Table S1.

Fig 1B. Evolution of cellular and humoral immune responses following the third dose of SARS-CoV-2 mRNA vaccine in SARS-CoV-2 naive and experienced PLWH.
SARS-CoV-2-specific IFN-y release for Agl (By), SARS-CoV-2-specific IFN-y release for Ag2 (B,), Anti-S IgG (Bs), neutralising antibody titres against Wild-type variant (By),
and neutralising antibody titres against Omicron variant (Bs) were measured and compared before (TO) and after a third dose (T1) of the SARS-CoV-2 mRNA vaccine among
PLWH (n=80), divided into 3 subgroups according to history of SARS-CoV-2 infection (naive, experienced before TO, and experienced between TO and T1). Dots represent
subjects, whiskers represent median and IQR, and horizontal dashed line corresponds to the positivity cutoff (IFN-y > 0.15 IU/mL and anti-S IgG > 33.8 BAU/mL were
considered positive). Statistics were calculated using linear regression models on log10-transformed variables. Exact number of participants for each group is indicated in
Table S5.

Fig 1C. Comparison of cellular and humoral immune responses between people living with HIV and healthcare workers after administration of the third dose of SARS-CoV-2
mRNA vaccine (T1).

SARS-CoV-2-specific IFN-y release for Agl (C;), SARS-CoV-2-specific IFN-y release for Ag2 (C,), Anti-S IgG (Cs), neutralising antibody titres against Wild-type variant (Cy4),
and neutralising antibody titres against Omicron variant (Cs) were measured and compared between SARS-CoV-2 experienced and naive PLWH (n=80) and HCWs (n=51) two
to eight weeks after administration of a third dose of the SARS-CoV-2 mRNA vaccine. Dots represent subjects, whiskers represent median and IQR, and horizontal dashed line
corresponds to the positivity cutoff (IFN-y > 0.15 IU/mL and anti-S IgG > 33.8 BAU/mL were considered positive). Statistics were calculated using adjusted linear regression
models on log10-transformed variables. Exact number of participants for each group is indicated in Table S6.

for participants and process-related characteristics that had a sig-
nificant univariate impact on at least one variable of interest (Ap-
pendix p2).

119 PLWH and 79 HCWs were enrolled in the study and consti-
tuted the study cohort for analysis at T0. Among them, 80 PLWH
and 51 HCWs completed the whole study and constituted the
study cohort for T1 (Fig. S1). Participants’ characteristics are dis-
played in Table 1. 84% PLWH and all HCWs received BNT162b2
as first two doses of vaccine. For the third dose, all HCWs and
52.5% PLWH received BNT162b2 and the remaining 47.5% received
mRNA-1273. All PLWH except one were infected with HIV-1, with a
median time since diagnosis of 11 years. All were on antiretroviral
therapy. Among PLWH initially included at TO, median CD4* T cell

count was 680/uL (IQR 546-898) and 7 patients had a viral load
over 50 copies/mL.

Overall, before the third vaccine dose (T0O), SARS-Cov-2 specific
IFN-y production was significantly lower in PLWH than in HCWs
(p < 0.01) (Fig. 1A, Table S1). In contrast, neutralising antibody
titres (nAbTs) against Omicron were higher in PLWH (p = 0.01).
Anti-S IgG levels and nAbTs against WT were similar between the
two groups. Considering participants’ history of SARS-CoV-2 infec-
tion, IFN-y production was lower only among SARS-CoV-2 naive
PLWH (p < 0.01) (Table S1). Also, nAbTs against Omicron were in-
creased only among SARS-CoV-2 experienced PLWH (p < 0.01). It
is worth noting that sampling at TO had been performed earlier
for HCWs, before the emergence of Omicron, preventing our HIV-
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negative population from being infected by this specific variant.
Administration of a third dose of the SARS-CoV-2 vaccine elicited a
significant increase in every parameter reflecting immune response
among both HCWs and PLIWH (p < 0.001) (Fig. 1B, Table S2). Evo-
lution between TO and T1 of any of the parameters was not sig-
nificantly different between PLWH and HCWs. The proportion of
PLWH with detectable Omicron nAbTs rose from 27.3% to 87.4%
but median nAbT against Omicron remained 8-fold lower than me-
dian nAbT against WT (p < 0.001). Furthermore, nAbTs against
Omicron and WT were both significantly lower among SARS-CoV-
2 naive PLWH compared to those previously infected (p < 0.001).
After three doses of vaccine, we did not find a significant differ-
ence between PLWH and HCWs in any of the immune parameters
investigated (Table S3). However, considering participants’ history
of SARS-CoV-2 infection, IFN-y production was still lower among
SARS-CoV-2 naive PLWH compared to naive HCWs (p < 0.05 and
p < 0.01 for Agl and Ag2, respectively), whereas it was similar
between SARS-CoV-2 experienced PLWH and HCWs (Fig. 1C, Table
S3). Subgroups analyses found no significant difference between
immune responses of HIV-infected individuals according to their
CD4+ T cell count or CD4™/CD8™ T cell ratio (Table S4, S5).

Factors impacting the magnitude of immune responses in PLWH
are displayed in Appendix (Table S6to S10). Of interest, SARS-CoV-
2 infection either before TO (p < 0.001) or between TO and T1
(p < 0.05) was associated with higher anti-S IgG titres and nAbTs
against both variants after three doses. Among PLWH specifically,
the magnitude of T-cell-mediated response elicited by the mRNA-
1273 vaccine was more important than that elicited by BNT162b2
vaccine (p < 0.01).

Administration of a third dose of SARS-CoV-2 vaccine induced
robust humoral and T-cell immune responses against SARS-CoV-2
in almost all participants. Humoral immune responses were simi-
lar between PLWH and HCWs, both before and after the third dose,
which is in line with recently published data.*7 Although SARS-
CoV-2 specific IFN-y production increased after the third dose, it
remained significantly lower among SARS-CoV-2 naive PLWH com-
pared to HCWs. Our data suggest that dysfunction of virus-specific
T cell immunity, which is even found among HIV-positive pa-
tients with undetectable viral load, might lead to a suboptimal
cell-mediated immune response following vaccination, especially
in patients with no history of SARS-CoV-2 infection. In contrast,
hybrid immunity conferred a similar T-cell immune response be-
tween PLWH and HIV-negative individuals. This observation could
be attributed to the development of a distinct population of IFN-
y and IL-10-expressing memory SARS-CoV-2 spike-specific CD4" T
cells following vaccination of previously infected individuals.®

Our results suggest that vaccine boosting enables broad neu-
tralising immunity.? Indeed, the third dose elicited the produc-
tion of anti-Omicron nAbTs in almost all participants. However,
anti-Omicron nAbTs remained eight-fold lower compared to those
against WT, which is in line with earlier reports and may reflect a
less effective protection against this variant.* 10

In conclusion, a third dose of SARS-CoV-2 vaccine considerably
enhanced SARS-CoV-2 specific humoral and cellular immunity in
PIWH. Humoral immune responses were similar between PLWH
and HIV-negative individuals. However, our data raise concerns
about the vaccine’s ability to induce protective T-cell immune re-
sponse among PLWH with no history of SARS-CoV-2 infection. Fur-
ther studies are needed to understand the clinical consequences of
such observations and characterise the potential protective advan-
tage of hybrid immunity in PLWH.

Fig. 1 was created using BioRender.com.
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Repurposing antiviral drugs against the human
monkeypox virus DNA-dependent RNA polymerase; in s
silico perspective

Dear Editor,

We read with great interest the paper that was recently pub-
lished in this journal by Orvis et al.! regarding the emerging out-
break of human monkeypox in Madrid, Spain. According to the
Centers for Disease Control and Prevention surveillance, the virus
is reported in 99 countries and territories, with 47,652 confirmed
cases (until August 26, 2022). The DNA-dependent RNA polymerase
(DdRp) of poxvirus is a promising drug target for developing
new chemotherapeutic antiviral drugs against DNA viruses. In this
study, the DdRp of the HMV is modeled using its vaccinia virus
as a homolog. After that, we repurposed 29 antiviral drugs on the
equilibrated model (after a 100 ns molecular dynamics simulation
run). The results revealed The effectiveness of the two antiviral
drugs (Norov-29 and bemnifosbuvir) in binding the HMV DdRp ac-
tive site with a comparable binding affinity (-24.26 +4.43 and -
21.32 +6.43 kcal/mol) with the positive control, guanosine triphos-
phate (GTP) (-21.03 £7.55 kcal/mol). These results need further ex-
perimental validation but promising as it was previously tested
clinically in other viruses and had good pharmacological profiles.
This may also pave the way for finding new circulating HMV in-
hibitors.

Modeling and simulation dynamics of DdRp

The model of HMV was built via SWISS-MODEL server? based
on the solved structure of the Vaccinia virus elongation complex
(PDB ID: 6RID). The predicted model has good quality as judged
by MolProbity analysis.> Only 0.4% of residues (five) have phi or
psi angles in the generously allowed region and no outliers in the
Ramachandran plot. In HMV, the active site (D415, D417, and D419)
was predicted in the Rpo147 chain at a B-turn between two he-
lices.

The structure of the Apo DdRp was subjected to 100 ns molec-
ular dynamics (MD) simulation* run aiming to equilibrate the sys-
tem and visit the available conformations of the protein during this
time domain.

Molecular docking

The molecular docking of analogs was performed by AutoDock
Vina.2 All active site residues (Asp415, Asp417, and Asp419) were
treated as flexible. The search box was centered at the metal ion of
the active site, and the box dimensions were set to 30 x 30 x 30
A. In addition, the exhaustiveness was increased to 256 to account
for the high torsions of the ligands.” The other parameters were
accepted in their default values.

The average binding affinities of the nucleoside analogs against
the active site of HMV DdRp ranged from —5.92 to —6.59 kcal/mol.
The average scores of the top ten compounds (including the pos-
itive controls; ATP, CTP, GTP, and UTP) are depicted graphically in
Fig. 1. As shown in Fig. 1; Valopicitabine, HCV-1, and Bemnifosbu-
vir are the best compounds with average binding affinity values of
-6.58 40.01 kcal/mol. These three compounds show lower binding
energies than the four positive controls. At the same time, HCV-2
and Norov-29 compounds show lower binding energies than ATP,
GTP, and UTP (-6.51 40.01 kcal/mol). Finally, BMS-986094 shows
lower binding energies than ATP and GTP (-6.48 +£0.08 kcal/mol).

The detailed interactions established upon docking are listed
in Table 1. The primary interaction type between the compounds
and the DdRp is the formation of hydrogen bonds (at least six
H-bonds). Additionally, all these drugs establish at least one salt
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Fig. 1. (A) Average calculated binding energies of the top six drugs along with the physiological substrates (ribonucleotides; ATP, CTP, GTP, and UTP). Error bars represent
the standard deviation of binding affinity (kcal/mol) of three clusters of representative protein conformations after MD simulation. (B) Established interactions after docking
the top compounds against DdRp of HMV. (1) HCV-1, (2) HCV-2, (3) Valopicitabine, (4) Norov-29, (5) Bemnifosbuvir, and (6) GTP.

bridge interaction with R380. The active site residues (D415, D417,
and D419) are bolded in Table 1 and are involved in H-bond for-
mation in all the formed complexes except for the Valopicitabine-
DdRp complex. The interactions are graphically rendered in Fig. 1B,
where the formed interactions are depicted by blue lines (H-
bonds) and dashed yellow lines (salt bridges). Cyan sticks show the
interacting residues of the DdRp, whereas the other sticks are the
ligands.

MD simulation of top analogs and binding free energy
calculations

We performed another round of MD simulation for the best
five hits (Valopicitabine, HCV-1, Bemnifosbuvir, HCV-2, and Norov-
29) and the positive control GTP to study the protein dynamics
upon ligand binding. We neglected the compounds BMS-986094
and Lumicitabine as their clinical trials were terminated for safety
issues.57
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Table 1
The established interactions upon docking the top six drugs and the physiological ribonucleotides (ATP, CTP, GTP, and UTP) against HMV DdRp after dynamics.

Compound Hydrogen bonds Hydrophobic interactions Others
(PubChem ID) - - -

number Residues number Residues number Residues
Valopicitabine 7 R287, Q381, A414, F416, and E420 - - 2 R380 ¢
(15940324)
HCV-1 (5276734) 1 R380, Q381, D415, G418, D419, E420, and E421 - - 2 R380 ¢
Bemnifosbuvir 13 R380, P382, S383, D415, G418, D419, and E421 1 R380 3 R380 *P
(122527275)
CTP 7 R287, Q381, D415, E420, and W422 - - 3 R287 * and R380 *°
HCV-2 (11290467) 10 R380, Q381, D415, G418, D419, and E421 - - 1 R380 *
Norov_29 9 Q381, D415, G418, D419, and E421 - - 2 R380 *P
(88571722)
uTP 6 R380, Q381, P382, D415, D419, and W422 - - 3 R380 *
BMS-986094 7 P382, H385, D419, E420, W422, and R757 - - 3 R287 ¢, R380 *
(49862756)
ATP 9 R380, P382, S383, D415, D417, D419, E420, and E421 - - 3 R380 P
GTP 8 R380, Q381, L384, H385, D415, W422, and R757 - - 3 R380 ¢

2 salt bridge and
b 77-cations. Active site residues are in bold.
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Fig. 2. The calculated MM/GBSA for the positive control (GTP) and the best four ligands (HCV-1, HCV-2, Norov-29, and bemnifosbuvir)-HMV DdRp.

Fig. 2 shows the calculated MM/GBSA of the top four complexes
(HCV-1-DdRp, HCV-2-DdRp, Norov-29-DdRp, and bemnifosbuvir-
DdRp) in addition to the GTP-DdRp complex. Norov-29 (sky blue)
and bemnifosbuvir (red) are the best two compounds based on
the MM/GBSA calculations in binding DdRp of HMV with values
(-24.26 +4.43 and -21.32 +£6.43 kcal/mol) near the positive con-
trol (GTP) (blue) (-21.03 +£7.55 kcal/mol). These two drugs may be
potential anti-DdRp and are suggested further analyzed by in vitro
and in vivo assays.

Conclusively, we report the effectiveness of anti-norovirus
(Norov-29) and the anti-HCV and flaviviruses (Bemnifosbuvir)
against HMV. Based on our docking results, dynamics simulation,
and calculated binding energies, we suggest these two drugs
against the DdRp of HMV. This could help in fighting against the
current outbreak that spreading worldwide during the last few
months.
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CRISPR-Cas12a-based detection of monkeypox virus

Chacictor

Dear Editor,

We read with interest the recently published research in Jour-
nal of Infection by Dr. Usman Ayub Awan et al., who emphasized
that the remerging monkeypox is a new threat to the world [1].
Monkeypox has been declared a public health emergency of inter-
national concern by the World Health Organization (WHO) on 23
July 2022. Between 1 January and 25 August 2022, it has resulted

Letters to the Editor/Journal of Infection 85 (2022) 702-769

Table 1
Oligonucleotides in this study.

Name Sequences (5'—3')

Fluorescently-labeled G-quadruplex oligonucleotides

P4-WT BHQ-GGGTTAGGGTTAGGGTTAGGG-FAM

CRISPR Cas12a gRNA sequences

TCACAATGAAATATTATGTT
TAACGGCGACGAATATACTG

F3L-gRNA
N3R-gRNA

in more than 46,700 laboratory confirmed cases of monkeypox and
12 deaths worldwide in 75 countries [2]. Public health authorities
are proactively identifying cases and tracing their contacts to con-
tain its spread. As with COVID-19, PCR is the current method ca-
pable of being deployed at sufficient speed to provide timely feed-
back on any public health interventions [3]. However, standard RT-
gPCR methods that require laboratory-based testing instruments
such as a thermal cycler for DNA amplification have constraints,
including high cost, detection time, and the need for trained ex-
perts, limiting their application in point-of-care (POC) testing and
resource-limited areas. Thus, the development of novel detection
strategies for monkeypox is still urgent needed.

CRIPSR-based detection strategies have been widely used to
detect of various viruses [4,5]. In this study, we report the de-
velopment and initial validation of a CRIPSR-Cas12a-based assay
for detection of monkeypox virus. We designed the system that
detect the monkeypox viral DNA by using fluorescence readout. In
the presence of the DNA target analyte, the G-quadruplex oligonu-
cleotide (Table 1), which is labeled with 6-fluorescein (6-FAM)

A
DNA isolation CRISPR reaction Detection
PAS (i ‘ /_ Negative DNA
o\
f’_— P /—f‘* ° e ‘\\ /— Monkeypox viral DNA
o o o5
/— \’\* Lk S Cas12a and crRNA
v o ¥\
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- Quencher (BHQ1
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Fig. 1. The CRISPR-Cas12a-based system for detection of monkeypox virus. (A) Schematic of CRISPR-Cas12a-based system proposed in this study. (B) Fluorescence signal of
CRISPR-Cas12a-based assay for target DNA saturates within 10 min. (C and D) The fluorescence intensity (Aem = 520 nm) for the detection of the monkeypox viral F3L (C)
and N3R (D) genes at various concentrations. The assay revealed a statistically significant detection of F3L and N3R DNAs, at a concentration as low as 2 fM (**P < 0.01 vs.

no RNA).
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on the 3’-end and black hole-1 quencher (BHQ-1) on the 5'-
end, gets degraded through Casl12a-mediated collateral cleavage
resulting in fluorescent signal. While in the absence of the DNA
target analyte, Cas12a cannot cleave the fluorescently-labeled G-
quadruplex oligonucleotides and the oligonucleotides can forma-
tion G-quadruplex structures in 100 mM K*condition, resulting in
the fluorescence quenching (Fig. 1A). We found that the FAM flu-
orescent signal was detectable in 2 min and a strong signal was
achieved within 10 min (Fig. 1B), suggesting the system is a po-
tential rapid detection technology. In addition, we used the sys-
tem to detect the F3L and N3R genes (Table 1). DNA samples of
F3L and N3R genes in the same concentration range (from 0.2 fM
to 100 nM) were subjected to the system, and the enhanced FAM
fluorescence signal with monkeypox DNA was statistically signifi-
cant (P < 0.01) at concentrations as low as 2 fM (Fig. 1C and 1D),
indicating the high sensitivity of our system for monkeypox virus
detection.

In summary, we develop a rapid, easy-to-implement and ac-
curate CRISPR-Cas12a-based system for detection of monkeypox
virus. Our CRISPR-based assay provides a visual and faster alter-
native to current PCR-based diagnosis for monkeypox virus.
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The genomic epidemiology of mcr-positive Salmonella "

enterica in clinical patients from 2014 to 2017 in Sichuan, ==
China and global epidemiological features

Dear Editor,

We read with interest the Wang et al. article in this journal de-
scribing the prevalence of mcr genes in 33, 205 Salmonella enterica
isolated from England between 2014 and 2017." This work high-
lights that S. enterica is an important carrier for mcr genes and ma-
jority of S. enterica were isolated from human-associated samples.!
Recently, an international outbreak of multidrug-resistant (MDR)
monophasic S. Typhimurium associated with chocolate products
further indicated that S. enterica represent a serious public health
hazard.?> Meanwhile, the WHO has repeatedly advocated en-
hanced surveillance of Salmonella epidemics. In this study, we sys-
tematically studied the prevalence and genetic features of mcr-
positive S. enterica identified from patients in Sichuan, China dur-
ing 2014 to 2017 and the genomic characteristics of global mcr-1-
positive Salmonella.

A total of 1046 Salmonella isolates were collected from pa-
tients from different hospitals from 2014 to 2017 in Sichuan, China.
Among them, 12 mcr-positive (1.15%, 12/1046; ten mcr-1 and two
mcr-3) S. enterica isolates were detected using PCR (Table 1). No-
tably, all mcr-positive S. enterica isolates were isolated from chil-
dren or infants. Antimicrobial susceptibility testing showed that
the 12 mcr-positive S. enterica isolates were all resistant to col-
istin but sensitive to meropenem (Table S1). Complete genome se-
quences of the 12 isolates were successfully obtained by short-read
and long-read sequencing platforms as our previous method.* The
genomic features analysis revealed that ten isolates identified in
2016 and 2017 belonged to ST34 and the isolates SC2014107 and
SC2014238 identified in 2014 were assigned as ST684 and ST463
respectively. The ten ST34 S. enterica isolates were serotyped as a
monophasic variant of S. Typhimurium with the antigenic formula
4,[5],12:i:-. The serotype of isolates SC2014107 and SC2014238
were identified as S. Orion and S. Meleagridis (Table 1). Of note, ten
mcr-positive S. enterica serovar 4,[5],12:i:- isolates were collected
from different geographical locations of Sichuan province (Table 1),
which indicated that the dominant S. enterica clones with serovar
4,[5],12:i:- had expanded throughout Sichuan since 2016.

IncHI2, IncX4, and Incl2 were common plasmid types carry-
ing mcr-1, because they are self-transferable with high conjugation
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Table 1

The basic information and genome information of mcr-positive Salmonella isolates investigated in this study.

Isolates Geographical Collection Patient’s age Serovar STs @ Chromosome and Accession number Size (bp) Plasmid Resistance Genes
location data Plasmids replicon genes
SC2014107 Chengdu 2014.08.01 / Orion 684 Chromosome CP101365 4, 883, 488 / /
pSC2014107-mcr-62k CP101366 62, 098 Incl2 mcr-1.1
SC2014238 Chengdu 2014.11.07 / Meleagridis 463 Chromosome CP101369 4, 920, 434 IncQ2 fosA7.4
pSC2014238-90k CP101371 90, 508 IncI1 blacrx-m-ss
pSC2014238-58k CP101368 58, 878 IncR tet(A), qnrS1, dfrA12, aadA2, sul3
pSC2014238-mcr-33k CP101370 33, 309 IncX4 mer-1.1
SC2016025 Ya'an 2016.05.23 3 year I 4,[5],12:i:- 34 Chromosome CP101372 5, 245, 093 / aph(6)-Id, aph(3"’)-Ib, sul2, tet(B)
PSC2016025-mcr-260k- CP101372 260, 012 IncHI2, mph(A), mcr-1.1, 0gxB2, 0qxA2, bleO,
c(chromosomally IncHI2A, IncN sull, sul3, aadA1, cmlA1, aadA2, dfrA12,
integrated plasmid) floR, sul2, aac(3)-1Va, fosA3, blacrx-m-14
SC2016042 Chengdu 2016.06.12 1 year 14,[5],12:i:- 34 Chromosome CP101373 4, 950, 959 / blargy-q, aph(6)-Id, aph(3"’)-Ib, sul2,
tet(B)
pSC2016042-mcr-33k CP101374 33, 309 IncX4 mer-1.1
SC2016090 Chengdu 2016.07.15 4 month I 4,[5],12:i:- 34 Chromosome CP101375 5, 247, 576 / aph(6)-Id, aph(3"’)-Ib, sul2, tet(B)
PSC2016090-mcr-261k- CP101375 261, 355 IncHI2, sul3, aadA1, cmlA1, aadA2, dfrA12, floR,
c(chromosomally IncHI2A, IncN sul2, aac(3)-1Va, fosA3, blacrx--1a,
integrated plasmid) mph(A), mcr-1.1, 0gxB2, 0qxA2, bleO, sull
SC2016091 Chengdu 2016.07.15 2 year [ 4,[5],12:i:- 34 Chromosome CP101376 4, 999, 651 / tet(B), sul2, aph(3’")-Ib, aph(6)-Id,
blatgm
pSC2016091-mcr-116k CP101376 116, 686 IncFIl, IncFIB blacrx-m-ss, qnrS1, mer-3.1, aac(3)-1ld
pSC2016091-5k CP101377 5, 632 Col(Ye4449) /
SC2016290 Ya'an 2016.11.01 1 year [ 4,[5],12:i:- 34 Chromosome CP101379 4, 999, 786 / sul2, aph(3")-1b, aph(6)-Id, blargy-q
pSC2016290-mcr-147k CP101380 147, 496 IncA/C2 floR, tet(A), aph(6)-1d, aph(3"’)-1b, sul2,
catA2, blacrx.m-ss, blatgm.1, mcr-3.1
pSC2016290-3k CP101381 3, 136 / /
SC2017030 Chengdu 2017.03.29 1 year [ 4,[5]12:i:- 34 Chromosome CP101382 4, 958, 087 / tet(B), sul2, aph(3")-Ib, aph(6)-1d,
blargm-1
pSC2017030-mcr-257k CP101383 257, 067 IncHI2, IncHI2A  mcr-1, tet(A), fosA3, blacrx-m-1a»
aac(3)-IVa, aph(4)-1a, sul2, floR, aadA2,
0qxB2, 0qxA2, bleO, sull, aph(3’)-Ia, sul3,
aadAl, cmlA1
pSC2017030-6k CP101384 6, 647 ColRNAI /
pSC2017030-4k CP101385 4, 677 ColRNAI /
SC2017057 Neijiang 2017.05.21 1 year [ 4,[5]12:i:- 34 pSC2017057-mcr-33k JANDZX000000000 33, 309 IncX4 mer-1.1
Other contigs JANDZX000000000 5, 033, 015 IncHI2, tet(B), sull, arr-3, catB3, blapxa-1,
IncHI2A, aac(6')-1b-D181Y, aac(3)-1Va, aph(4)-la
ColRNAI
SC2017100 Bazhong 2017.05.31 10 month [ 4,[5],12:i:- 34 Chromosome CP101386 4, 973, 602 / tet(B)
pSC2017100-mcr-218k CP101387 218, 090 IncHI2, IncHI2A  mcr-1.1, fosA3, blacrx.m-14, Sull, bleO,
0gxA2, 0qxB2
SC2017167 Suining 2017.07.13 1 year I 4,[5],12:i:- 34 Chromosome CP101388 5, 002, 315 / tet(B), sul2, aph(3’")-Ib, aph(6)-Id,
blargn-1
pSC2017167-mcr-256k CP101389 256, 591 IncHI2, mcr-1.1, sul2, floR, mph(A), aac(3)-1Va,
IncHI2A, IncN fosA3, blacrx.m-14, dfrA12, aadA2, cmlAl,
aadAl, sul3, aph(3’)-Ia, sull, bleO, ogxA2,
0gxB2
SC2017297 Panzhihua 2017.07.13 / [ 4,[5],12:i:- 34 Chromosome CP101389 4, 978, 290 / tet(B)
pSC2017297-mcr-249k CP101391 249, 573 IncHI2, IncHI2A  mcr-1.1, blacrx.m-14, fosA3, aac(3)-1Va,

sul2, floR, aadA2, cmlA1, aadAl, sul3,
aph(3')-1a, sull, bleO, oqxA2, oqxB2

@ STs indicate sequence types.
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Fig. 1. The distribution of mcr-1-positive Salmonella isolates identified in different years and the ARGs and plasmids distribution features in mcr-1-positive S. enterica isolates.
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plasmid types in different serovars of Salmonella isolates. f) The detection rate of different types of plasmids in different serovars of Salmonella isolates.
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frequencies.”%7 Whole genome sequencing showed that mcr-1 in
the ten S. enterica was mostly carried by IncHI2 plasmids, follow
by IncX4 plasmids, and then IncI2 plasmid (Table 1). For the two
mcr-3-harboring isolates, mcr-3 was located on an IncA/C2 plas-
mid and an IncFIB plasmid, respectively (Table 1). According to
the conjugation assay, the colistin resistance phenotype of the 12
S. enterica isolates could be transferred into E. coli C600. In addi-
tion, antimicrobial susceptibility testing showed that majority of
transconjugants displayed resistance to other antimicrobials (Ta-
ble S1). Further analysis found that most antimicrobial resistance
genes (ARGs) in the S. enterica isolates were carried by conjugative
plasmids.

In order to explore the epidemiological features of global mcr-
1-positive S. enterica isolates, a total of 456 mcr-1.1-positive S. en-
terica isolates were downloaded from NCBI Pathogen database for
further analysis (as of 2022.06.05) (Table S2). We found that S.
paratyphi B var. Java was the predominant clone in 2008-2012
globally. Since 2013, the predominant clone has been replaced by
S. 4,[5],12:i:-. The mcr-1-positive S. enterica was initially prevalent
in Europe and then replaced by China, but this may be influenced
by sampling bias. Further, most of mcr-1-positive S. enterica isolates
were isolated from humans (244/456, 53.5%), which indicated that
they have served as an important pathogen for humans (Fig. 1a).
On the positive side, we found that mcr-1-positive S. enterica iso-
lates were on the decrease since 2018, which might be the result
of the withdrawal of colistin as an animal feed additive in many
countries around the world.?: Subsequently, we analyzed the dis-
tribution of ARGs and plasmid replicon genes in mcr-1-positive
S. enterica isolates. The results showed that S. 4,[5],12:i:- and S.
Typhimurium usually carry more ARGs compared with S. Paraty-
phi B var. Java and other S. enterica serovars (Fig. 1b). The num-
ber of plasmid replicon genes in different S. enterica serovars have
no discernible difference (Fig. 1c). Principal coordinates analysis
(PCoA) showed that the distribution of ARGs in mcr-1-positive S.
4,[5],12:i:- and S. Typhimurium were similar, but showed different
with S. Paratyphi B var. Java and other S. enterica serovars (Fig. 1d).
Meanwhile, the distribution of plasmid replicons in these S. enter-
ica isolates was similar with ARGs, indicating plasmid played an
important role in the distribution of ARGs in different S. enterica
serovars (Fig. 1e). We further analyzed the distribution of plasmids
in different serovars of S. enterica isolates in detail. In compari-
son to isolates of S. paratyphi B var. Java, we found that plasmid
replicons in S. 4,[5],12:i:-, S. Typhimurium, and other S. enterica
serovars are more diverse. IncHI2/HI2A and IncX4 plasmids have a
large proportion in these mcr-1-positive S. enterica isolates (Fig. 1f),
indicating that they play an important role in the dissemination of
mcr-1 in S. enterica.

S. Typhimurium and S. 4,[5],12:i:- were predominated mcr-1-
bearing Salmonella serovars. In order to investigate the relation-
ships of mcr-1-positive S. Typhimurium and S. 4,[5],12:i:- isolates,
a phylogenetic tree was constructed. According to the phyloge-
netic tree, we found the eight mcr-1-positive S. 4,[5],12:i:- isolates
in this study were distributed in three different Chinese clades
(Figure S1). For the global mcr-1-positive S. enterica isolates, iso-
lates from the same geographical location are usually located in
the same clade. Of note, many closely related isolates were iso-
lated from both humans and food. This reminds us that food-
borne mcr-1-positive S. enterica has the potential risk to spread to
humans.

In summary, the mcr genes were at a low prevalence level in
clinical S. enterica in Sichuan, China. IncHI2 and IncX4 plasmids
play an important role in the dissemination of mcr-1 among S. en-
terica. The distinction of resistance phenotype in different serovars
of S. enterica was associated with plasmids. S. 4,[5],12:i:- is a pre-
dominant serotype for mcr-1-harboring S. enterica. Global surveil-
lance of mcr-1-bearing S. 4,[5],12:i:- in different settings as the One

Health approach should be performed to curb the potential risk
caused by high-risk MDR clones.
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Post-vaccination SARS-CoV-2 antibody kinetics and N

cccccccc

Dear Editor,

Coronavirus disease 2019 (COVID-19) caused by the SARS-CoV-2
is particularly severe in older individuals because of an impaired
immune response.! The vaccines presently available are less ef-
ficacious in older individuals, because of the senescence of their
immune systems.” A recent letter in Journal of Infection showed
the need of a third vaccine dose due to a waning antibody re-
sponse against new SARS-CoV-2 variants in healthy and immuno-
compromised individuals.? In this study, we analysed the protec-

tion against Omicron provided by the immune responses of nurs-
ing home residents (NHRs) and a population of healthcare workers
(HCWs).

We measured the antibody responses of 106 older adults (> 65
years old) living in 3 French nursing homes and vaccinated with 3
doses of BNT162b, matched with 106 HCWs for sex, past COVID-
19 infection and vaccination status. Blood samples were taken 3-
6 weeks after their third vaccine dose (12 September 2021- 13
October 2021 for HCWs, 8 November 2021-04 January 2022 for
NHRs) before the Omicron epidemic wave erupted in France. The
median follow-up was 179 days (IQR: 171-182) for HCWs, and 195
days (IQR: 167-195) for NHRs. Anti-S and anti-N antibodies were
measured with an electrochemiluminescent assay ( Alinity, Ab-
bott, Sligo, Ireland). Neutralizing antibody titers were assessed by
end-point dilution using Vero cells (ATCC, CCL-81™) and clinical
SARS-CoV-2 Omicron BA.1 and BA.2 strains.” Infections were de-
tected using a nucleic-acid amplification method (Aptima™, Ho-
logic, USA)* and SARS-CoV-2 RNA was sequenced using single-
molecule real-time sequencing (Pacific Biosciences, USA).° This
study was approved by the French Research Ethics Committee Est-
[l (COVID BioToul, ID-RCB 2020-A01292-37, ClinicalTrials.gov Iden-
tifier: NCT04385108).

The 106 NHRs (81 (76.4%) women, median age: 89 years (range:
56-103)) included 53 (50%) who had been infected before vacci-
nation (positive SARS-CoV-2 RNA or anti-N antibodies). The me-
dian age of the 106 paired HCWs was 41 years (range: 21-61). The
median BA.1 neutralizing antibody (NAD) titer of the previously-
uninfected, vaccinated NHRs was higher (8, IQR: 8-24) than that of
the uninfected, vaccinated HCWs (2, IQR: 2-4), p<0.01 Wilcoxon
signed-rank test). Similarly, the median BA.1 NAb titer in the
infected-vaccinated NHRs was higher (16, IQR: 16-32) than that
of the matched HCWs (8, IQR: 4-16, p=0.03 Wilcoxon). The anti-
Omicron BA.2 NAb titers of uninfected NHR (32, IQR: 8-32) and
uninfected HCWs (16, IQR:8- 32, p>0.05, Wilcoxon signed-rank
test) were not significantly different. In contrast, the anti-Omicron
BA.2 NAbD titers of infected-vaccinated NHRs (32, IQR: 16-64) were
significantly higher than those of the infected-vaccinated HCWs
(16, IQR: 16-32, p=0.04, Wilcoxon signed-rank test). NHRs with no
prior SARS-CoV-2 infection had a median binding antibody (BAb)
concentration of 1959 BAU/ml (IQR 863-4,364) one month after
their third dose of vaccine, not significantly different from that
of their matched HCWs (1593 BAU/ml, IQR: 1125-2698 ; p>0.05,
Wilcoxon signed-rank test, Fig. 1A). The median BAb concentra-
tions of the NHRs who had been infected with SARS-CoV-2 before
vaccination were significantly higher (3533 BAU/ml, IQR: 2151-
5391) than those of the NHRs who had not been infected (1959
BAU/ml, IQR 863-4364 ; p=0.03 Wilcoxon, Fig. 1B). This concen-
tration was also higher than that of infected-vaccinated HCWs
(1,931 BAU/ml, IQR: 1202-3558, p=0.03, Wilcoxon signed-rank
test).

None of the 106 NHR given the third dose of vaccine devel-
oped an Omicron BA.1 infection, but 33 (31.1%) were infected with
Omicron BA.2 at least 1 month after the booster injection. Their
median BA.2 NAb titer one month after the third dose of vaccine
was 12 (IQR: 8-32); it was 32 (IQR 8-64) for those who did not
become infected after the booster injection. A BA.2 NAb titer be-
low 8 provided 19.2% protection against Omicron BA.2, titers of
16 or 32 gave 85.3% protection and an NAb titer of 64 or more
provided 95.6% protection. Similarly, NHRs who were infected with
BA.2 SARS-CoV-2 after their third dose of vaccine had median BAb
concentration of 1959 BAU/ml (IQR 863-3707); it was 3339 BAU/ml
(IQR: 1714-5836 ; p=0.03 ; Wilcoxon rank test) in those who did
not subsequently become infected. Most (90%) of the Omicron BA.2
infections occurred in NHRs who had BAb concentrations below
6209 BAU/ml. A BAb concentration below 1000 BAU/ml provided
only 25% protection against Omicron BA.2 ; 1000-6000 BAU/ml
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provided 77.9% protection; while >6000 provided 97.1% protection.
Consequently, we set the average protection threshold against Omi-
cron BA.2 at 5000 BAU/ml. The median BA.2 protection time for
infected/vaccinated people with initial antibody concentrations >
10,000 BAU/ml was shorter in the NHRs (median 119 days, IQR:
61-223) than in the immunocompetent HCWs (189 days, IQR: 124-
405, p <0.01, Wilcoxon signed rank test, Fig. 2 A&C). It was 48
days (IQR: 1-96) for uninfected-vaccinated HCWs and 30 days for
uninfected-vaccinated NHRs (IQR: 0-40, p =0.13, Wilcoxon, signed
rank test Fig. 2 B&D) whose total antibody concentrations were be-

tween 2000 BAU/ml and 10,000 BAU/ml one month after the third
injection. There was no protection for the 89.2% of uninfected-
vaccinated NHRs whose total antibody concentrations were below
2000 BAU/ml.

The 3-doses antibody responses against Omicron provided less
protection than it did against the ancestral strain, although the
anti-Omicron responses in NHRs after three doses were as good
or better than those of younger adults. None of our NHRs ac-
quired an Omicron BA.1 infection during follow-up, while 31.1%
were infected with Omicron BA.2. The anti-BA.2 NAb concentra-
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tion providing at least 95.6% protection against Omicron BA.2 in-
fection was 64 or higher. This is similar to that needed to protect
younger populations against pre-Omicron strains.”® The BAb con-
centration needed to protect against Omicron BA.2 was also high
(about 5000 BAU/ml), the humoral responses of both uninfected-
vaccinated HCWs and uninfected-vaccinated NHRs provided insuf-
ficient protection. These people could benefit from supplementary
doses. On the other hand, the antibody protection decayed faster in
NHRs than in HCWs, which may explain why NHRs were protected
for a shorter time despite a high initial peak antibody concentra-
tion, in agreement with a previous report.”

Further studies on vaccination and protective immunity in the
elderly should include other markers including T cells responses.
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Remdesivir reduced upper respiratory tract SARS-CoV-2 n

viral RNA concentration in COVID-19 patients who =
developed pneumonitis

Dear Editor,

We read with great interest the article by Yoon et al. describ-
ing the significant reduction of viable SARS-CoV-2 shedding with
remdesivir treatment despite a non-significant reduction in vi-
ral load approximated by the cycle threshold value of real-time
reverse-transcriptase polymerase chain reaction (RT-PCR).! Remde-
sivir was the earliest antiviral approved by the United States Food
and Drug Administration of the treatment of COVID-19. Large scale
clinical trials focused mainly on its clinical efficacy?> and mortal-
ity.>* Data on the effect of remdesivir on viral load changes is
scanty and conflicting.”~” Here, we report an observational study
on the effectiveness of remdesivir in reducing viral load a in real-
world setting.

We performed a single-center prospective observational study
between February 4, 2020 and February 22, 2021. Adult patients
(age >18 years) admitted to Prince of Wales Hospital with lab-
oratory confirmed COVID-19 and pneumonitis as documented by
chest X-ray or computed tomography were identified. Patients with
at least one respiratory sample collected during the early and
late period of illness were included. We collected serial respi-
ratory specimens including combined nasopharyngeal and throat
swabs (NPSTS), combined nasopharyngeal aspirate and throat
swabs (NPATS), nasopharyngeal swabs (NPS), and self-collected
deep throat saliva (DTS) until discharge from hospital. Flocked
swabs (FLOQSwabs, Copan, Italy) were used for nasopharyngeal
and throat swabs collection. SARS-CoV-2 were detected using two
separate RT-PCR platforms targeting different gene regions, and
confirmed by the local reference laboratory.? The COVID-19 treat-
ment strategy evolved over time and included the use of lopinavir,
ribavirin, interferon-beta-1b, and remdesivir. For the purpose of
analysis in this study, patients were classified into three differ-
ent groups according to COVID-19 treatment regimens: (1) Remde-
sivir group who had received remdesivir as the only anti-COVID
treatment, with a sub-group of early remdesivir treatment de-
fined as remdesivir treatment started within 7 days after symp-
toms onset, (2) Other treatment group included those who had re-
ceived lopinavir/ritonavir-based therapy, interferon-based therapy,
or interferon-based therapy followed by remdesivir therapy, and;
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Table 1
Patient characteristics.
Overall Remdesivir Other treatment No treatment P value
(n = 208) Group (n = 30) Group (n = 114) Group (n = 64)
Age, mean (SD) years 55.8 (16.0) 62.1 (13.3) 59.1 (14.9) 47.0 (15.6) <0.001
Sex 0.045
Male 92 (44.2%) 12 (40.0%) 9 (51.8%) 21 (32.8%)
Female 116 (55.8%) 18 (60.0%) 5 (48.2%) 43 (67.2%)
Co-morbidities 140 (67.3%) 25 (83.3%) 3 (72.8%) 32 (50.0%) <0.001
Received steroids treatment 66 (31.4%) 14 (46.7%) 0 (43.9%) 2 (31%) <0.001
Log10 viral load on admission, mean (SD) in copies/ml 7.22 (217) 8.61 (1.55) 726 (2.07) 6.75 (2.40) 0.054
Severity <0.001"
Moderate 138 (66.3%) 14 (46.7%) 61 (53.5%) 63 (98.4%)
Severe 38 (18.3%) 8 (26.7%) 29 (25.4%) 1 (1.6%)
Critical 32 (15.4%) 8 (26.7%) 24 (21.1%) 0 (0.0%)
Symptom
Fever 136 (65.4%) 19 (63.3%) 8 (77.2%) 9 (45.3%) <0.001
Cough 124 (59.6%) 24 (80.0%) 5 (57.0%) 5 (54.7%) 0.060
Sputum 4 (30.8%) 15 (50.0%) 2 (28.1%) 17 (26.6%) 0.055
Diarrhoea 6 (22.1%) 6 (20.0%) 6 (22.8%) 4 (21.9%) 0.940
Sore throat 5 (21.6%) 10 (33.3%) 0 (17.5%) 5 (23.4%) 0.162
Malaise 0 (19.2%) 5 (16.7%) 25 (21.9%) 10 (15.6%) 0.578
Shortness of breath 37 (17.8%) 10 (33.3%) 1 (18.4%) 6 (9.4%) 0.021
Myalgia 6 (17.3%) 8 (26.7%) 7 (14.9%) 11 (17.2%) 0.331
Runny nose 5 (16.8%) 4 (13.3%) 7 (14.9%) 14 (21.9%) 0.377
Headache 9 (13.9%) 4 (13.3%) 4 (12.2%) 11 (17.2%) 0.641"
Outcomes 0.261
Discharged 149 (71.6%) 21 (70.0%) 84 (73.7%) 44 (68.9%)
Death 7 (3.4%) 1 (3.3%) 6 (5.3%) 0 (0.0%)
Transferred to other hospital for convalescence care 52 (25.0%) 8 (26.7%) 24 (21.1%) 20 (31.2%)
Sample collection time, mean (SD) days
Days from admission to first sample collection 1(1-3) 1 (1-2.75) 1(1-2) 1(1-3) 0.819
Days from onset to first sample collection 2 (5-8) 6 (4-8) 4.5 (2-7) 5.5 (3-8.25) 0.65
Days from admission to subsequent samples collection 9 (6-13) 9 (6-13) 9 (6-14) 8.5 (5-12) 0.253
Days from admission to last sample collection 13 (9-17) 13 (10-16.8) 13 (8-17) 12 (9-17) 0.826

Age and timing of sample collection were reported in the format of mean (SD). Hemoptysis (n = 1) and Vomiting (n = 7) were removed from the list because of too few
samples. Timing of sample collection was reported in the format of median (IQR). P-values in bold indicate the significant difference among groups. chi-square test was used

for proportional variables; ANOVA was used for age.
* Fisher exact test was used.

(3) No treatment group. Clinical severity was classified as mild (no
pneumonitis), moderate (with pneumonitis), severe (required oxy-
gen supplement), and critical (required mechanical ventilation) as
previously described.” The longitudinal measurements of viral load
were compared between treatment groups in a log scale. Univari-
ate analyses were performed with chi-square test or fisher exact
test for categorical variables as appropriate. Analysis of variance
(ANOVA) was used for comparing the age between groups. T-test
was used for comparing the change in viral load between treat-
ment groups and adjusted with Benjamini-Hochberg procedure for
multiple comparisons.

We recruited 208 patients, 30 (14.4%) received remdesivir alone,
17 of whom received remdesivir within 7 days after symptom on-
set, 114 (54.8%) received other treatments, and 64 (30.8%) had no
specific therapeutic interventions. The mean (4standard deviation
[SD]) age of the entire cohort was 55.8 (+16) years, and 92 (44.2%)
were male. 138 (66.3%) had moderate, 38 (18.3%) had severe, and
32 (15.4%) had critical disease. Seven patients did not survive the
hospital admission with one from remdesivir group, and six from
other treatment group. For patients who had received remdesivir
treatment, those with moderate severity received remdesivir ear-
lier (mean 6.67, SD: 2.82 days) than those with severe (mean 9.52
SD: 2.96 days) and critical disease (mean 8.94: SD 4.37), respec-
tively (P < 0.001 for both comparisons). The duration of remdesivir
treatment was significantly longer in patients with critical disease
(mean 6.4, SD 2.73 days) as compared to patients with moderate
(mean 4.80, SD 2.32 days) and severe disease (mean 4.67, SD 1.85)
(P = 0.013). A total of 849 samples collected from 208 patients,
with a median of 4 (IQR: 2-5) samples from each patient (Fig.
S1). The median collection time was 1 (IQR: 1-3) day from ad-

mission for baseline samples and 9 (IQR: 6-13) days from admis-
sion for follow up samples with no significant difference observed
between treatment groups. The baseline viral load for the three
treatment groups were not significantly different from each other
(Table 1, Fig. 1A). The median log transformed viral load for early
remdesivir group dropped from 6.77 copies/ml (IQR 6.28-8.59) at
day 2-4, to 6.12 copies/ml (IQR 4.92-7.30) at day 5-7, and to 4.00
copies/ml (IQR 3.21-4.34) at day 8 onwards. We found a significant
difference in viral load decrease in early remdesivir group as com-
pared to patients who had received other treatment (P = 0.029),
but not to patients with no treatment at day 8 onwards (Fig. 1A).
A similar result was observed when using day from onset instead
of day from admission, though differences were not statistically
significant (Fig. 1B). Patients with moderate severity had a signif-
icantly faster decrease in viral load from baseline when compared
to patients with severe disease (P = 0.018) and critical disease
(P = 0.039) respectively at days 5-7 from admission. The differ-
ence remained significant from day 8 onwards for those with se-
vere disease (P = 0.003) (Fig. S2).

In this single-center prospective observational study, we found
patients receiving early remdesivir monotherapy had a faster re-
duction in viral load as compared to those receiving other treat-
ment, suggesting remdesivir may be effective in reducing SARS-
CoV-2 viral load in upper respiratory tract of COVID-19 patients
when prescribed early in the disease course. There are however
limitations in our study. Firstly, in this observational study, there
could be treatment assignment bias. This is reflected by our find-
ings that patients who received no treatment were younger, with
less comorbidities, less presented with fever, and with less se-
vere disease. However, the two groups received remdesivir or other
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treatments were similar and did not differ significantly. Secondly,
we could not use the length of hospital stay as a clinical end point,
since during the first year of COVID-19 pandemic, hospitalization
also served the purpose of isolation. Thirdly, the study spanned
over 12-months and the treatment protocol evolved over time as
more evidence emerged. In conclusion, we found early treatment
with remdesivir for hospitalized patients could accelerate the de-
cline in SARS-CoV-2 viral concentration in upper respiratory tract,
supporting further investigations to maximize the clinical benefits
of remdesivir administration.
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